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PREFACE 

TO THE SIXTH EDITION. 



Yeab after year, numerous new and many 
reconstructed books are introduced to public 
notice* some for useful information, more for 
Idle recreation, but very few indeed for practical 
purposes connected with skilled knowledge in 
mechanical pursuits. 

On my return to England in 1877, after an 
absence of nearly ten years in foreign countries 
(where works of practical utility on mechanical 
requirements could not be obtained, nor even 
heard of), I was astonished to find that my own 
compilations, published , more than thirty years 
ago, were works still called for by the public, and 
it therefore occurred to me that a new compila- 
tion, embodying, in a concise form, the results 6t 
my long practice in various parts of the world, 
might obtain a share of public appreciation, and 
be of considerable value to those to whom it is 
dedicated. 



PREFACE 

TO THE SEVENTH EDITION. 



Tms useful little manual continues to enjoy a 
sufficient share of public favour to necessitate the 
issue of a New Edition ; and advantage has been 
taken of the occasion to revise and improve the 
same by the correction of errors and addition of 
new matter. 

LoKDONy Septeinber, 1884. 



THE 

PRACTICAL ASSISTANT. 



J)EFINinON8 OF ARITHMETICAL SIGNS AS IN 

COMMON USE. 



s= Sign of Equality, and signifies equal to, as 

7 added to 6 = 13. 
4- w Addition, signifies plus or more, as 

7 + 8 = 15. 
— n Subtraction, „ minus or less, as 

14 - 5 = 9. 
X I, Multiplication, „ multiply by, as 

12 X 5 = 60. 
-r- „ DiTision, f, diyideby,as 16-f-4 = 4. 

or, y» = 4. 

: : : : Proportion, „ as 4 is to 8, so is 12 to 24. 

V(. Sign of Square Root \ evolution, or the extrac- 
V> „ Cube Root > " tion oi roots, as 

y 64 = 8, and V 64 = 4. 
6*> ,9 To be squared) involution, or the raising 
6») ,9 To be cubed >" of powers; 
6« = 36, and 6»= 216. 

7 + 5 X 6 = 72 signifies line or bar, as 7 added to 5 = 12, 
and 12 multiplied by 6 = 72. 

V 5* — S* = 4 „ that 3 squared taken from B 

squared, the square root of 
the remainder = 4. 



* / 20 X 1^ 

V = 2 „ that 20 multiplied by 12 and the 

30 product divided by 30, tbe 

cube root of the quotient = 2. 



6 BRITISH WEIGHTS AND HEASUBES. 



STANDARD WEIGHTS AND MEASURES OP 
GREAT BRITAIN AND ITS COLONIES. 



THE DfPEBUL HEASUBES INTRODUCED JANUARY Ut, 182& 

Avoirdupois, or Commermal Weight, 

'10881 cable inches of pure mark. 
water, at 62^ Fahrenheit, 

or 27*34375 grs. troy = 1 dram, d^. 

16 drama = 1 ounce, oz, 

16 ounces == I pound, Bf, 

14 pounds = 1 stone^ sl 

2 stones, or 28 pounds = 1 quarter, qr, 

4 quartern, or 112 pounds ... = 1 hundred-weight, cwL 
20 hundred-weights, or 2,240 

pounds = 1 ton, T, 

NoTB. — The stone is principally used in weighing Hay, 
Straw, and lire CatUe, and commonly calkd Jockey 
Weight. 

Troy Weight 

Is used in weighing Gold, Silver, and Precious Stones, 
and also in estimating the results of Philosophical ezperi* 
ments. 

1-901306 cubic inches of pure mask. 

water, at 62^ Fahrenhdt ... = 480 grains, gr. 

24 grains = 1 pennyweight^ tlutU 

20 pennyweights ^ 1 ounce, oc 

12 ounces = 1 pound, ib, 

NoT«..^AToirdupois lbs. X 1-21528 = Troy lbs. 

„ oz. X -9115 = „ oz. 

Troy lbs. X *823 =AyoLlbs. 

„ OSS. X 1-1 = M ozs. 

M grs. X -03657 = m drs. 



BRITISH WEICnTS AMD MEA8UBE8. 7 

Lineal Measures, or Measures of Length. 

The English Standard Ylird of 1760, and now lodged in 
the custody of the Clerk of the House of Commons, is 
made the standard or unit for all measures of extension 
whatsoeyer, and ^ of such yard = 1 inch. 

7*92 inches = 1 link. 

IS „ •• = 1 foot 

3 feet = l3rard. 

6 feet = I fathom. 

16} „ or 5^ yards = I rod, pole, or perch. 

792 indies ) 

66 feet y = 1 chain. 

22 yards, or 4 poles 

220 yards 

40 poles, or ^ = ^ Airlong. 

10 chains 

8280 feet 

1760 yards 

820 poles S^ = 1 statute mile. 

80 chains, or 

8 Airlongs 

a ^°'::::::.::::.:::::::::} =1^^^^-^ 

Meandiameterofthe£arth=7912 English statute miles. 
Circumference of the £arth=24883 miles, or 43794000yds. 
Curvature of the Earth=7*962 inches per mile. 

The fathom is chiefly used for seafaring and mining pur- 
poses. 8 fathoms = the length of the Nary log-line, and 
120 fiithoms = a cable's length. 

Square, or Superjmal Measures. 

144 square inches • = 1 square foot 

9 „ feet = 1 „ yard. 

^s^ r, y^s''!'..:;::;:::::::::::::} = ^ p^^« <>' p««^^ 

40 poles = i rood. 

4840 square yards, or > , 

10 „ ^ns \ =lacre- 

640 acres = 1 square mile. 






8 BRITISH WEIGHTS AND MEASURES. 

CuMc Measures, or Measures of Solidity and CajMcittf. 

1728 cubic inches = 1 cubic foot. 

27 „ feet = 1 „ yard. 

5 „ feet = 1 barrel bulk of shipping. 

42 „ feet = 1 ton of shipping. 

A load of unhewn timber = 40 cubic feet. 

„ squared „ =50 „ 
A cord of wood = 128 „ 

Imperial Measures of Capacity, for aU Liquids, 
Chain, and other Dry Goods. 

5 oz. Avoir, of pure water at 

62' Fahrenheit = 1 gill = 8'665 cubic in. 

4 gills = 1 pint = 34-659 ,, 

2 pints = 1 quart = 69*318 ^ 

4 quarts = 1 gallon = 277*274 „ 

2 gallons = 1 peck =:= 554*548 „ 

4 pecks = 1 bushel =2218*191 „ 

8 bushels = 1 quarter = 10*27 cubic feet. 

NoTB. — The peck, bushel, and quarter are for dry goods only. 

Formerly the Wine gallon contained 231, the Ale gallon 
282, and the bushel measure 2150*42 cubic inches. 

1 peck of flour = U lbs. Avoir. 

1 bushel „ = 56 „ „ 

1 barrel „ = 196 „ „ or If cwt. 

1 sack „ = 280 „ „ „ 2^ „ 



Special Wine Measures. 

10 gallons = 1 anker. 
= 1 runlet. 



18 


»> 


42 


w 


63 


St 


84 


n 


126 


n 


252 


f« 



=: 1 tierce. 
= 1 hogshead. 
^ 1 puncheon 
=: 1 pipe. 
= 1 tun. 

Although tlius classified, they are, in trading, generslly 



Special Ale and Beer 
Measures, 

9 gallons = 1 firkin. 

18 „ =1 kilderkin. 

36 „ =1 barrel. 

54 „ =1 hogshead. 

72 „ =1 puncheon 

103 „ =1 butt. 





PBPTH8. 
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8*166 inches. 


sS 


4-117 „ 


4} 


6-141 „ 


** 


6-332 „ 
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8-234 „ 
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10*282 ., 


11* 


12-665 „ 



BRITISH WEIGHTS AND MEASURES. 9 

gauged, and bought or lold in accordance with the num- 
ber of Imperial gallons therein coiitained. One cubic foot 
is equal to 6^ Imperial gallons. 

Dimensions of Imperial Conical lAqyAi Measures^ 

DIAXBTISBS. 

Gill top finch, bottom 

Half-pint „ I „ „ 

Pint „ 1 „ M 

Quart „ IJ „ w 

Half-gallon „ If „ ^ 

Gallon „ 2 inches, f, 

Two-gaUon „ 2* „ „ 

Dimensions of Imperial Cylindrical Dry Measures 

(not heaped). 

DEPTHS BQUJLL TO THE DIAMBTEBS. 

Eighth of a peck, a cylinder of 4*452 inches. 

Forpit, or half-gallon ,y 5*609 „ 

Gallon, or half-peck « 7*067 t^ 

Peck M 8*904 ^ 

Half-bushel n li'219 n 

Bushel 91 14*135 |» 

Quarter m 28*270 „ 

Dimensions of Cylindrical heaped Measures, for Cohe^ 
Lime, Fish, Fruit, Potatoes^ ^c. 

Half-gallon = 74 inches diameter = 176 T n«i,:« i«^k^- 

Bu.hel =19| ; " =28I6fJ •"'«*P«'- 

3 bushels := 1 sack, and =: 4*889 cubic xeet. 
12 sacks = 1 chaldron =: 58*656 „ „ 

Note. — ^The Act directs that the depth of each measure 
shall not exceed half its diameter, and the height of the 
oono or heap at least three-fourths of its depth. 



10 FRENCH WEIGHTS AND AIEASURES. 

Preyious to 1835, coals were bought and sold by heaped 
measures. The bushel was supposed to contain 80 lbs. 
Avoirdupois, and 28 such bushels to equRl 1 ton; but in 
that year an Act was pnssed which abolished the system. 
Now they are estinuited by the cwt., or 112 lbs. AtoIt- 
dupois, 224 lbs. being 1 sack, and 10 such sacks equal 1 ton. 

The aTerage mean weight of different kinds of coal, 
broken up and properly prepared as practical fuel, is 50 lbs. 
per cubic foot, and 45 cubic feet the stowage capadty per 
ton. 

NoTB. — ^The reason why I here introduce abolished or 
antiquated coal measures, is because the units of work 
done by steam-engines were estimated formerly from the 
consumption ol coats by the bushel ; now that units of 
work done are valued by the lb. of coal, comparison of re- 
sults is not unfrequently required. 



FRENCH WEIGHTS AND MEASURES, 

AS MOST VBEQUBNTLY REQUIRED FOR ENGLISH GOMPARISOITS. 

Weights. 

1 milligramme = *015432 English Troy grains. 
1 gramme = 15*432 „ „ „ 

or -002205 of a lb. Ayoirdupois. 
1 kilogramme = 2*2046 lbs. Ayoirdupois. 

VEIOHTB AS POPULARLY X8TIMATBD. 

lbs. ozs. drs. AToirdupoii. 

1 gramme r= 0^ 

1 decagramme = 00 

1 hectogramme i= 3 

I kUogramme = 2 3 

Idneal Measures* 

1 millimetre • = -039371 English indies. 

25^ „ = 1 I, inch. 

1 metre =39*371 or 39} „ incheSL 

or = 3*2809 feet =s 8 feet 3} inches. 



FRENCH WEIGBIS AKD UEASURES. 11 

Meaturu of Surface. 

1 oentiare s: 1*196 English sq. yds., or lO-TCi English 

[square feet. 
9*3 centuires = 100 ^ n ^^ 

1 are = 1 19*6 ^ „ yards. 

40*47 ares ?= 1 ^ itatute acre. 

1 hectare := S*47 „ „ 

Measures of Solidity. 

1 millistere .••.•••••.••...... = *035317 English cnUe feet 

latere = 85*317 „ „ 

Measures of Capacity 
1 litre = 61*027 English cuhic inches. 

POPULAR XEA8UBB8 OV CAPAOITr. 

English galls, qts. pts. Imp 

I litre = If „ 

I decalitre -= 2 l| „ 

1 hectolitre ....••...••.....•. = 22 

I kUolitre =r: 220 

Conversion of Equivalent Measures, 

English to French. French to English. 

Inches ...X *0254 =metres X 39*371 =inches. 

Feet X '304796= ^ X 8*2809 = feet 

Yards ...X *91488= „ X 1*09363= yards. 

Miles X 1*6093 = kilometres... X *62138=miles. 

AcreSf X '404 67= hectares X 2*4711 =acres. 

Imp. galls. X4-54346=litres X -2201 =gallons. 

Cubic ins. X -01639= „ X 61027 = cubic ins. 

Bushels .X *36348=hectolitres .X 2-75121= bushels. 
Quarten .X 2*9078 = „ .X *3439 = quarters. 

Troygrs..X *064 80= grammes ...X 15*432 =Troy grs. 
Trey lbs. .X •3732 =kilogrammesX 2-6792 =Troy lbs. 
AToir.lbs.X -4536 s „ X 2-2046 =AToir.ibii 



12 COMPUTATIONS BT THE SLIDE-EULE. 

USEFUL OOMFUTATIONS BT THE SLIDE-RULE. 

BEOIPBOOAL 00NTIB8I0W OF ITBENCH AND BNOLUB 
WBI0HT8 AND KSABUIUM. 



LncoTH :— Set 5 on B to 127 on A: then, against any giren 
number of inches on B, find on A the equiralent number of 
millimetres; and vice vend, ogainst any given number of 
millimetres on A, find on B the equiralent number of inches. 

Set 20 on B to (51 on A : then, against any giyen number 
of feet on B, find on A the equivalent number of decimetres ; 
and vice versd. 

Set 35 on B to 32 on A t then, against any given number 
of yards on B, find on A the equivalent number of metres ; 
taiaviceversd. 

Set 64 on B to 108 on A : then, against an^ given number 
of miles on B, find the equivident number of kilometres on A ; 
and Hoe vend. 

SuPBBviciia :— Set 81 on B to 200 on A t then, assinst 
square inohei on B, find square centimetres on A ; and vice 
vend. 

Set 183 on B to 17 on A : then, against square feet on B, 
find square metres on A ; and vioe vend. 

Set 61 on B to 51 on A : then, against square yards on B, 
find square metres on A \ and vice vend. 

Set 257 on B to 104 on A : then, against acres on B, find 
hectares on A i and vice vend, 

SoLiDiTT :— Set 86 on B to 500 on A : then, against cubic 
inches on B, find cubic centimetres on A ; and vice vend. 

Set 19 on B to 588 on A : then, against cubic feet on B, 
find cubic decimetres on A ; and vice vend. 

Set 17 on B to 18 on A : then, against cubic yards on B, 
find cubic metres (or stores) on A ; and vice vend, 

CAPAcrrr :— Set 46 on B to 209 on A : then, sgainst Impe- 
rial gallons ou B, find litres on A ; and vice vend. 

Set 141 on B to 410 on A : then, against Imperial quarters 
on B, find hectolitres on A i and vice vend* 



COMPUTATIONS BY THE SLIDE-RULE. 13 

WtiGHT :— S(«t 571 on B to 37 on A : then, against grains 
on B, find grammes on A ; and vice versd^ 

Set 97 on B to 44 on A : then, against Ihs. Avoirdupois on 
B, find kilogrammes on A ; and vice vend. 

Set 187 on B to 190 on A : then, against tons on B, find 
milliers (or metric tonnes) on A ; and vice versd. 

Set 142 on B to 53 on A : then, against lbs. Troy on B, 
find kilogrammes on A ; and vice versd. 

Fbesrttbe: — ^Set 9 on B to 128 on A : then, against lbs. 
per square inch on B, find kilogrammes per square centimetre 
on A ; and vice versd. 

Set 17 on B to 83 on A : then, against lbs. per square foot 
on B, find kilogrammes per square metre (or kilogrammetres^ 
on A ; and vice versd. 

Set 40 on B to 63 on A : then, against tons per square 
inch on B, find metric quintals per square centimetre on A ; 
and viee versd, 

IltSTBUXKNTAL ABXTHHBTIO. 

NxnuBBBR :— Squares and Roots. 

Set 1 on Line G to 1 on Line D : then, against the given 
number on D, find its square on C ; and vice versd, against 
the given number on 0, find its square root on D. 

Cubes Ain> Boots : — Set any given number on to 1 on 
D : then, against the given number on D, find its cube on 0. 
If it be necessary, the Zero-point, or 1, on D must be taken 
as 10 ; in which case the numbers on C are to be reckoned as 
thousands. Thus set 20 on G at Zero on B, for 10 : then, 
against 2 (for 20) on D, is found 8, for 8,000 on G. 

For the process of finding cube-roots the slide G must be 
inverted : tiien, find by inspection the divisions or numbers 
which exactly coincide on C and D when the given number 
on C is set to 10 on D ; that number is the required cube* 
root Thus set 729 on G (inverted) to 10 on D ; it will be 
found that the only coincident divisions or numbers on 
and D are those marked 9, which number is the cube-root of 
729. Again ; set 2,000 on G against 1 (for 10) on D ; the 
coincident numbers are 12*6, the root. It need scarcely be 

B 



14 COMrUTATIONS BT THE SLIDE-BULB. 

added, that this process requires patience and precision in the 
setting of the scales and the determination of the retolt by 
inspection 

FouBTR PowBBS AND BooTS : — Against the giTBn mmi- 
her on D find its square, or 2nd power, on C : then, against 
that 2nd power on I), find the required 4th power on C. 

Against the given number on C find its square root on D : 
then below that square root on G, find the required 4th root 
on D. 

DiRBOT Pboportion :— Set the 1st term on B to the 2nd 
term on A, and find on A the required 4th term against the 
given 3rd term on B. Example : Divide £262, in shares of 
£14 among four persons, taking 3, 4, 5, and 6 shares respect- 
ively. Here the proportion is as 18 to 252, which being set 
18 on B to 252 on A ; against 3, 4, 6, and 6 on B, are found 
on A the respective i^ares, 42, 66, 70 and 84. 

Invebbb Propobtion (Slide B inverted) : — Set the Ist 
term on B to the 2nd term on A ; find the answer on A, 
against the given 3rd term on B. Example : If 6 men mow 
a field in 4 day?, how long will 12 men require, all other con- 
ditions being alike. Invert B t set 6 on B inverted, to 4 on 
A s then aboye 12 on B find the answer on A, 2 days. 

It may be useful to note that in all questions of Inyerse 
Proportion^ where more requires less, or less more, the 
factors, being on opposite lines, are always in conjunction ; 
whereas, in Direct Proportion, the factors are in opposition, 
R8 well as on opposite lines. Thus the difference is that, in 
Direct Proportion, it is the quotients, and in Inverse Propor- 
tion, the products, of the coincident yertical numbers, that 
are always equal : e,ff, in the last two examples, ^ ss 14 
-= V or y or V or V ; and 6 X 4 = 24 « 12 X 2. 

Decimals (reading the ^hole line A as a scale of decimal 
parts : — Set the numerator of any proper fraction, on A, to 
the denominator on B : then, against 1, on B, find the deci- 
mal equivalent on A. And viee versd, setting any giyen 
decimal on A to 1 on B, the equivalent proper fraction in its 
lowest terms is shown by inspection ; A being aline of nume- 
rators and B of denominators fur all corresnonding fractions. 



COMPUTATIONS BY THE SLIDE-RULE. 15 

Should no units divisions coincide, the fraction may he found 
among the tens. Thus, setting the centre 1 on B to 87^ on 
A ; the diyisions 7 on A and 8 on B are found coincident, 
giying f as the equivalent fraction. 

Set aiiy number on A to 1 on B ; against 1 on A find on 
B the decimal representing its reciprocal; i.e,, a multiplier, 
in lieu of a divisor, or vice versd. 

Set to any given number or denomination (as shillings, 
pounds, etc.), on A, the denominator of any given fraction, 
on B ; against the numerator of that fraction, on B, find, on 
A, the value of that fractional part of the given number or 
denomination. Example : Set 5 on B, to 37 on A ; then 
against 3 on B, find, on A, 22'5, or 3.5ths of 37. To 20 
(shillings) on A set 8 on B ; then against 5 on B, find, on A, 
12'5 shillings, the equivalent of 5-8ths of £1. 

To the last division on the right of A (regarded as unity or 
1), set any sub-denomination of values to any integer — such 
as 20 shillings = £1, 12 pence = 1 shilling, 16 oz. == 1 lb., 
28 lbs. = 1 quarter, etc., etc. — ^then read scale of decimal 
parts on A, and corresponding subdivisions of the given in- 
teger on B. Example : Set to Zero on the right of A, 24, as 
the constant denomination of grains equal 1 dwt.; then, 
against 0*5 on A, will be found 12 grains, the equivalent in 
grains of 0*5 dwt., and vice vend, 

LiKSAB Measitbb : — Set 7 on B to 22 on A : then, against 
any given diameter on B, find corresponding circumference of 
circle on A ; and vice versd, against any given circumference 
of a circle on A, find corresponding diameter on B. 

Superficies :— Set 17 on D to 227 on C : then, against any 
given diameter on D, find corresponding area of circle on C ; 
and vice vered. 

Set 17 on D to 23 on C (or 377 on D to 1131 on C) : then, 
against any given circumference on D, find corresponding 
area of cirde on C ; and vice vered. 

Set 44 on B to 39 on A : then, against any given diameter 
of circle on B, find corresponding tide of square of equal area 
cm A ; and vice vered. 

Cubic Contexts :— Set 50 on B to 312 on A (or 400 on B 
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to 2500 on A) ! then, against any g;iyen number of square 
feet superficial area of any figure on B, find on A the corre- 
sponding number of gallons of water contained in 1 foot deep. 

Set 27 on B to 1 on A : theo, against any given number 
of square feet supeificial area of any figure on B, find on A 
the corresponding number of cubic yards contained in 1 foot 
deep. 

Set 10 on D to 84 on G : then, against any given number 
of inches (diameter of a well or cylinder) on D, find on A the 
conesponding number of lbs. weight of water in contents at 
1 foot deep. 

Set 59 on D to 19 on : then, against any given number 
of inches (diameter of a well or cylinder) on D, find on G 
the corresponding number of cubic feet in contents at 1 foot 
deep. 

Set 17 on D to 226 on G i then, against any given number 
effect (diameter of a well or cylinder) on D, find on G the 
corresponding number of cubic feet in contents at 1 foot 
deep. 

Set 33 on D to 32 on G : then, against any given number 
of feet (diameter of a well or cylinder) on D, find on C the 
corresponding number of cubic yards in contents at 1 foot 
deep. 

Set 10 on D to 490 on G : then, against any given number 
of feet (diameter of a well or cylinder) on D, Snd on G the 
corresponding number of gallons in contents at 1 foot 
deep. 

TiMBEB :— Set 144 on A to any given number of square 
inches in section of scantling on B : then, against any given 
number of lineal feet of such scantling, on A, find on B the 
correspondinf^ number of cubic feet in contents. 

Set 12 on D aeainst any number of lineal feet of round 
limber on G : then, against any given number of inches 
(quarter girt) on D, find on G the corresponding number of 
cubic feet in contents. 

BRicKwoBx:~Set 1633 on A to any given number of 
quarter-bricks in thickness of brickwork on B : then, against 
any given number of superficial feet of brickwork (of such 
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thiokneas) on A, find on B the oorresponding numbet* of 
standard rods of brickwork (1^ bricks thick). 

Set 144 on A to any thickness (in quarter-bricks) on B : 
then, against any given number of superficial feet of such 
brickwork on A, find on B the ooirespondiDg number of cubie 
yards of brickwozk in the contents. 

Pbiges :— Set 144 on A to any giyen number of pence on 
B (price of timber per cubic foot) : then, on B find the num- 
ber of pence, price per lineal foot, against and correspondiog 
to any given number of square inches (sectional area of 
scantling) on A. 

Set 7 on B to 8 on A ; then, against any given number of 
pounds sterling (the price of a standard rod of brickwork) on 
A9 find on B the corresponding number of pence (price per 
superficial foot of standard thickness, t.^., 1} bricks) | and 
vice vend. 

Set 61 on B to 90 on A : then, against any given price in 
pounds per standard rod of brickwork on B, find on A the 
equivalent price per cubic yard in shillings ; snd tfice vend* 

RiOGBBS : — Set any given number of inches (diameter of a 
pidley on a driving shaft) on A* to any given number of 
revolutions (required speed of a countershaft) on B : then, 
against any given number of revolutions of driving shaft on 
B, find on A the number of inches (required diameter of 
pulley on countershaft, to maintain the given ratio of speeds). 

Gbared Wheels ^-Set any given pitch of wheel on B 
to 3*14 on A (or take 7 times uie pitch on B and set it to 22 
A) : then, against any given diameter of wheel (in inches) 
on B, find on A the number of teeth ; and vice vertd^ against 
any given number of teelh on A, find on B the diameter of 
wheel in inches. 

Bet any number of inches diameter of wheel on B to any 
number of teeth on A : then, sgainst 3*14 on A, find on B the 

5 itch of teeth i or against 22 on A find a number, which 
ivide by 7 to give the pitch of teeth. 
Set given diameter of driving wheel on B to the required 
speed or number of revolutions (per minute) of the €b*iven 
wheel on A: then, against the given speed or number of 
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roYolutioiui per minute, of the driving wheel on A, find OQ 
B the required diameter of the driyen wheel* 

Set the given distance between the centres of a pair of 
geared wheda in inches (».«., the sum of their semi-diameters) 
on A to the sum of their giTen speeds (or number of ravcdu- 
tions per minute^ on B : then, against each of the given speeds 
on B, find on A the required semi-diameter of the other wheel. 

Ex, — ^The distance from centre to centre of a pahr of geared 
wheels is intended to be 103 inches, and their respective 
speeds are proposed to he 30 and 20 revolutions per minute, 
respectively; the sum of the speeds being /)0. Tnen set 100 
on A to 50 on B. Against 20 on B will be found 40 on A, 
the nimiber of inches in the semi-diameter of the smaller 
wheel ; and similarly, against 30 on B will be found 60 on 
A, the semi-diameter of the larger wheel in inches. 

CoMDBNBiNO Enoikes I — Add 3*73 to the product of the 
pressure, in lbs. per circular inch, multiplied by 0*8 ; and 
multiply the sum by the speed of the piston in feet per 
minute : set the resulting product, on C, to 182 on D ; against 
any given diameter of cylinder, m inches, on D, finid on Cy 
the effective horse-power, and vice vertd. 

High Pbe^^bubb Engines : — From the pressure, in lbs. per 
circular inch, deduct 4 lbs., due to the work of the engine 
itself, and multiply the remainder (effective steam pressure) 
by the speed of the piston in feet per minute : set the result- 
ing product on C, to 182 on D : against any given diameter of 
cylinder, in inches, on D, find on C, the effective horse-power, 
and vice versd. 

The foregoing selection of rules will suffice to exemplify 
the use of the slide-rule in obtaining, without resort to ciucu- 
lation by actual figures, with approximate accuracy sufficient 
for all practical purposes, a great variety of useful results. 
Every engineer, familiar witia the principles and use of 
the slide-rule, can easily determine methods of its applica* 
tion to the solution of many other similar problems of every- 
day occurrence* 
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Tables of Decimal EquivalenU to Fractional parts of 

Lineal Measures British, 



1 Inch = Unity, and diTided into 82 parts. 




8125 
78125 _ 
•75 5 
•71875 "^ 
•6875 
•65625 




•28125 
•25 

•21875 

•1875 

•15625 

•125 

•09375 

•6625 

•08125 

•015625 

•0078125 



-3 

I 






I 






1 Foot = Unity, and diyided into 48 parts. 



•9791 

•95827 

•93748 

•9166 

•8958 

•87497 

•85413 

•8333 

•8125 

•79167 

•77083 

•75 

•7291 

•70827 

•68723 

•6666 

•6458 



1 



Ill 

11: 
11 
10} 
10} 
lOj 
10 
9} 

Si 

9 
8} 

3 

8 
7| 



•62497 

•60313 

•5833 

•5625 

•54167 

•52083 

•5 

•4791 

•45827 

•43743 

•4166 

•3958 

•37497 

•35413 

•3333 

•3125 

•29167 



5 
I 



•27083 

•25 

•2291 

•20827 

•18743 

•1666 

•1458 

•12497 

•10413 

•0833 

•07292 

•0625 

•05208 

•04167 

•03125 

•02083 

•01042 



S 

I 



8i 
3 

2} 

li 

2 

u 

1} 



9 
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DECIMAL EQUIYALSNTS. 



1 Yabd =r Uni^, and divided into 36 parts. 




•9722 85 


•6889 


23 


•3055 


11 


•9444 84 


•6111 


22 


•2778 


10 


•9167 83 


•5833 


21 


'25 


9 


•8889 2 82 


•5556 


3 20 


•2222 Q 


8 


•8611 ^ 81 
•8338 g. 30 


•5278 


-3 ^^ 


•1944 ^ 
•1667 1. 


7 


•5 


6 


•8056 7 29 


•4722 


S? 17 


•1389 Z 


5 


•7778 8 28 
•75 < 27 


•4444 


8 16 

< 15 


•nil 8 


4 


•4167 


•0833 < 


8 


•7222 26 


•3889 


14 


•0555 


2 


•6944 25 


•3611 


13 


•0278 


1 


•6667 24 


•3333 


12 


•01389 


i 


j 1 Found AToiTdapoi8=niiit7, and divided into 16 parts : 


16 drams — 1 oz^ and 16 ozs. = 1 pound. 




•0625 = 1 dram, or oz. 


•5625 s=z 9 drams, or OZS. 


•125 = 2 „ 


•625 =10 „ 


M 


•1875= 3 „ 


•6875=11 „ 


n 


•25 = 4 „ 


•75 = 12 „ 


ft 


•3125= 5 ^ 


•8125 = 13 „ 


f9 


•375 = 6 „ 


•875 =14 „ 


n 


•4375= 7 „ 


•9375 =15 „ 


n 


•5 = 8 „ „ 


loz.orlb.= 16 „ 


n 



Common Fraetiona, wiih Decimal Equivalents, 




c^ 4 ^ «0 



03 

I 








09 

13 

CD 



C5 



P 



c: 
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Deeifruil Approximates for ihe facilitation ofpracdcaU 
ealcuJations in British Measures. 

AToirdupoiB lbs x *009 = hundred-weights. 

„ „ X *O0045 =ton8. 

Oircuin. of a circle... X *S18dl = the diameter. 

Circular inches x '00546 == square feet 

Cube of diam. of a 

sphere X *5286 = the solidity. 

Cubic inches X *00058 = cubic feet. 

n feet X -03704 = „ yards. 

„ inches X *003607 = Impenal gallons. 

n feet X 6*282 = „ „ 

Cylindrical inches ... x '0004546 = cubic yards. 

M »9 .- X '0028S2 = Imperial gallons. 

ff feet X '02909 = cubic yards. 

„ feet X 4*895 = Imperial gallons. 

Diam. of a circle ... X 8*1416 = the circumference. 
„ „ ... X '8862 r= side of equal square. 

„ „ ...X '7071 s= side of inscribed sq. 

Side of a square X 1*4142 = dia. of circum. circle 

Diam. of a sphere ... X '806 = dimensions of equal 

cube. 
It y» ... X '6667 = length of equal cy- 

linder. 

Lineal feet X '00019 = English statute miles 

„ yards X '000568 = „ „ „ 

Side of a square X 1*1284 = diameter of circle of 

equal area. 
9, „ ...••. X 8*545 SB circum. of circle of 

equal area. 
Square of diameter... X '7854 = area of equal circle. 
„ root of area... x 1*12887 = diam. of equal circle. 

,» inches • X '00694 .= square feet. 

„ ^ards X '0002067 = English statute acres. 

Sq.of duuof asphere X 3'1416 = convex surface of a 

sphere. 

188*346 circular inches equal 1 square foot. 
2200 cylindrical inches equal 1 cubic foot 
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TABLES or SPECIFIO OR^VYinES. 



ToMes of Specific Ghravities, 



OB WBIOBT8 or BODIES WH08B XAONITUDBS 

BUT or UNEQUAL DBN8IXIB8. 



ABB BQUALi 



One cubic foot of pure tteah water at 62** Fahrenheit = 
1000 ounces Avoirdupois; hence it is conyenientij, and 
with propriety, adopted as the standard of compariaon to 
which the densities of other bodies are generally referred, 
and also the means by which to ascertain the densities of 
other bodies hitherto untabulated. 

Atmospheric air := •0768, or is 880 times lighter than water. 



Metals. 



Antimony, cast 

Bismuth „ 

Brass, ayerage, „ 

Bronze „ 

Cadmium 

Copper, cast 

„ wrought 

Qold, pure 

Gun-metal, cast 

Iron „ 

„ bar 

„ wrought 

Lead, cast 

Mercury at 82^ Fahrenheit 

Nickel 

Platinum 

Silver, pure 

Steel, soft 

„ hardened 

Tin, cast 

Zinc, „ 



Weight, 

water 

being 1000. 



6700 

9810 

8357 

8459 

8600 

8667 

8788 

19258 

8561 

7244 

7701 

7792 

11352 

13619 

18580 

13375 

8270 

20978 

10474 

7780 

7840 

7291 

7190 



Cable 

inches in 

lbs. Avoir. 



4134 
2-818 
3*308 
3^26S 



Weight of 

1 cab. in. 

inlbs. 



•242 
•3545 
•3023 
•306 



8^19 


•3135 


3146 


•3178 


1^4S5 


•6965 


3*23 


•3096 


8-814 


•2622 


3-592 


•2792 


3-548 


•282 


2-435 


•415 


2-035 


-4914 


3-342 


•8 


1-318 


•759 


2-633 


•3788 


8*654 


•281 


3-527 


•2885 


3-79 


•2636 


3-845 
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Vabious Bodibs. 

Brick, red, common 

„ fire, Welsh 

Burrs, French, average 

Clay, common 

Coal, ayerage •..•••••••• 

Coke, dry 

Glass, plate 

Granite, ayerage 

Grayel, „ 

Ice, fh>m fresh water .. 

Marble, average 

Salt,diy 

Sand, river 

Slate, average 

Sandstone, „ 

Tallow, „ 

Liquids. 

Alcohol of Commerce.. 
„ Absolute .. 

Acid, Sulphuric 

„ Nitric 

„ Muriatic 

„ Citric ..••. 

Ether, Nitric 

„ Muriatic 

Oil, Linseed 

„ Olive 

„ Bapeseed «• 

„ Whale 

Sea Water, average 

Spirits, proof. 

„ of Wine 

Tar, from Wood 

Tuipentine 

Vinegar, distilled 

Wine, Bordeaux 

„ Port 



8p.Gr. 



1684 
1931 
2484 
1920 
1319 

755 
2453 
2651 
1920 
'970 
2720 
2130 
1520 
2800 
2350 

942 



Cab.ft.lb^ 



105 
120-7 
151 
120 

82*4 

47 

153-8 
165-7 
120 

60i 
170 
134-5 

95 

112-5 
147 

59 



Cab. feet 
-IT. 



21-4 

18-5 

14 

18-7 

27-2 

47-6 

14-6 

13-5 

18-7 

37 

13 

18 

25 

19-2 

152 

38 



Sp.Gr. 


Weight of 
Im.giLlbi. 


825 


8-2 


797 


7-9 


1850 


18-5 


1217 


12-7 


1200 


12 


1034 


10-3 


908 


91 


729 


7-3 


940 


9-4 


915 


9-2 


919 


9-3 


923 


9-4 


1028 


10-3 


922 


9-2 


880 


8-3 


1015 


10-1 


870 


8-7 


1009 


10 


994 


9-94 


997 


9-97 



Weight of 
cab. In. lbs. 



-0296 
-0285 
•0667 
•0458 
•0433 
•0371 
•0328 
•0263 
•0389 
•0332 
•0335 
•0339 
•0371 
•0332 
•0299 
•0364 
•0314 
•0361 
•0358 
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TABLES or 8PBGIFI0 GBAYITIEfl. 



Timber, Sbasoneo. 



Alder 

Apple-tree 

Ash 

Beech...... ..» 

Birch, English 

„ black, American 

Blackwood, Australian 

Blue Gum, „ 

Box, Dutch 

„ French 

Cedar, American 

„ Sydney 

„ Canadian 

Cherry-tree 

Chestnut 

Cork 

Cowrie Fine, New Zealand... 

Crab-tree 

Ebony, Indian 

„ American 

Elm 

Hawthorn 

Holly and Hornbeam, each . 

Iron Bark, Australian 

Laburnum 

Lance-wood •.. 

Larch 

Lemon-tree «..»...• 

Ligsvm Vita 

Lime-tree 

Logwood 

Mahogany, Spanish 

„ Honduraa 

Maple 

Oak, English 

„ American 



Sp^Or. 



736 
792 
845 
852 
792 
648 
662 

1100 

1328 
912 
561 
560 
910 
715 
610 
240 
512 
768 

1208 

1331 
673 
610 
760 

1233 
920 

1023 
530 
704 

1336 
760 
913 
720 
560 
752 
934 
672 



PonndB per 
cab. ft. 



46 

49^ 

52 

53^ 

49^ 

40^ 

4li 

68| 

83 

57 

35 

34| 

57 

45 

38 

15 

32 

48 

75^ 

83 

42 

38 

47* 

77 

57* 

64 

81 

44 

83} 

47} 

57 

45 

35 

47 

58 

42 



Cable ft. ) 



48} 
45| 
43 
42 

55 
54 
32* 
27 
39 
64 
64 
39^ 
50 
59 
149 
70 
46* 
29 
27 
53 
59 
47* 
29 
39 
35 
72* 
51 
26-- 

47:- 

39 
50 
64 

47* 
384 
53* 
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TniBEB, SXASOKSD. 



n 
n 



Oak, African 

Orange-tree 

Pear-tree 

Pine, pitch 

red , 

white 

,9 yellow 

Poona , 

Poplar , 

Plum-tree 

Bed Gum, Australian, 

Bose wood, black 

Sycamore , 

Teak 

Walnut 

Willow 

Yew, Spanish 

Dutch 



»f 



ep. Gi. 


Pounds per 
cub. ft. 


944 


69 


705 


44 


660 


41 


736 


46 


672 


42 


456 


28i 


448 


28 


610 


40 


884 


24 


785 


49 


901 


56 


1280 


80 


634 


89 


750 


46 


671 


42 


585 


86J 


8u7 


50i 


788 


m 



Cubic ft. . 
= 1 Ton. * 

88 

493 

54| 

48} 

53 

78|l 

80 

85 

93i 

45f 

40 

28 

57i 

48i 

53^ 

6l{ 

44l 

45 



Elastic Fluids or Gases, Atmospheric Air being 1000. 

Ammoniacal Gas '500 

Azote, or Nitrogen -ggg 

Carburetted Hydrogen -491 

Hydrogen ., .074 

Oxyfi^en, mean 1044 

Steam of water at 212^ Fuht -500 

Sulphuretted Hydrogen 1*777 

Sulphurous Acid Gas 2'193 

Tapour of Alcohol 1*613 



26 PRACTICAL MEASURES FOB WATER. 



Ui^fd vmt8 offireth water at a mean temperature* 

AToir. Aroir. 

1 cubic in. = -03617 lbs. 1 cyliiLiii. = •02832 Iba 
13 „ ins. = *434 „ 12 „ ins. = *341 ^ 
1 „ foot =62*5 ,, 1 „ foot =49*1 ^ 

1*8 n feet = 1 cwt 2*282 „ feet= 1 cwt. 

85*84 „ feet = 1 ton. 45*64 „ feet = 1 ton. 

27*648 cubic inches = 1 lb. AtoIt. 

1 gallon (Imperial) = 10 „ ^ 

11*2 gallons „ = 1 cwt. 

224 „ „ = 1 ton. 

277*274 cubic inches = 1 Imperial gallon. 

12 „ „ ... = 043284 „ „ 

1 „ inch ... = *003607 „ „ 

1 „ foot .. = 6*232 M gallons. 

853 cylindrical inches = 1 Imperial gallon. 

12 „ „ = '084 „ „ 

I „ „ = -002832 „ „ 

1 „ foot =4*895 „ gallons. 

Sea water y average density , 

26*895 cubic inches = 1 lb. Avoir. 

1 gallon (Imperial) =s iO*25 „ 

10-93 „ „ r= 1 cwt. 

218*6 „ „ = 1 ton. 

1 cubic foot ..•••••• = 64*2 lbs. ATOir. 

84*9 „ feet = 1 ton. 

Comparative densities and degrees of SaUness of 
Sea water from various localitieSf that of the British 
Channel being 1*00, 



The Baltic Sea = 0*19 

The Black Sea = 0*61 

The Irish Channel . = o*96 
The Mediterannean :=1'11 



At the Equator = 1*12 

Korth Atlantic = 1*16 

Sea of Marmora ... = 1*18 
South Atlantic = 1*20 



EXAMPLES OF DECIMAL KQUIYALSNTB. 27 

The foUounng Examples show the uHliiy of ihe 
preceding Tables, viz., Decimal Equivalents, Decimal 
Approximates, and Decimal Weights of a cvJbic inch 
in Tables of Specifie Oravities, 

Ex, 1 Required, the superficial contents, in square feet 
of any right-lined figure whose breadth at one end equals 
2 ft. 5| inches; at the other end 1 ft. lOjincheSy and length 
5 ft. 8 j inches. 

(See Tables of Decimal Equiralents, page 19.) 

S*4791 = 2 feet 5} inches. 
+ 1-87497 = 1 „ 10^ „ 

-i- 2 ) 4-35407 

2* 1 7 7 mean breadth. 
X 5-27 = 5 feet Si inchfii. 

15239 
4354 
10885 

11*47279 ft. superficial surfiwe. 



Again : 2 feet 5} inches = 29*75 inches, 
audi foot lOj „ = + 22*5 n 

-r 2 ) 52-25 

Mean breadth 26*125 
ft feet Si inches = X 63*25 

13062ft 
52250 
78375 
156750 

Square inches 1652*4 ^0625 

(See Table, page 21.) X -00694 or, -007 

66096 
148716 
99144 

Square feet near!}- 1 1*467656 as before. 



28 DECIMAL BXAKPLES. 

Ejc, t. A piece of wood as a pattern for a casting of tron 
15^ inches in length, 7^ inches in breadth, and } and A- 
incbes in thickness, what are its contents in cubic inches? 
Also, what will its weight be in cast iron, taking the 
cubical contents of pattern by which to compute the 
weight, because cast iron contracts in the ratio of ^ of an 
inch per lineal foot generally ? 

(See Table of Decimal Equiyalents, p. 19.) 

7J = 7-125 
|&A= '84875 X 
35625 
49875 
21875 
28500 
57000 

6*01171875 
16i^ inches = 164375 X 
3005859375 
4208203125 
1803515625 
2404687500 
3005859375 
601171875 



Contents 92*8059^08203125 m cubic inohes. 
(See Table, page 2 2.) -2622 

1856118 
1856118 
5568354 
1856118 

24-33370698 weight in Ibt. AtoIt. 

In practical operations such minute computations ton 
not always required, approidmations frequently being 
equally adapted, particularly when time is of consequence; 
hence, in multiplication of decimals, or of whole numbers 
and decimals^ contracted multiplication is oftentimes had 
leoourse to^ the following being the common rule i— 



CONTRACTED KULTIPUCATIOir. 29 

The multiplicand is placed in the osnal fbrm ; then place 
the unit figure of the multiplier under that figure of the 
multiplicand whose place is the last to be retained in the 
product, and dispose of the rest so that they may all stand 
in contrary order to that ia which they are usufdly placed, 
^en, in multiplying, reject all the figures on tiie right 
band of the multiplying digit, and set down each product 
80 that the right hand figures may fall in a yertical line; 
and observe that the first figure of every line must be in« 
creased with what would arise (by carrying 1 from 5 to 14, 
2 from 15 to 24, 3 from 25 to 84, 4 from 85 to 44, &c.) firom 
the product of the two preceding figures when you begin to 
multiply, and the sum is the product required ; but the 
following example, worked out at length, may more advan- 
tageously elucidate : — 

7i = 7-125 
I & ^^ -= 57848 or '84875 reversed. 

57000 

2850 

214 

50 

8 



Product 6'01161 or sectional area in sq. incheoL. 
15^ = 578451 or 15*4375 reversed. 

601171 

300586 

24047 

1808 

421 

80 

Product 92*8058 Solidity in cubic inches. 
Weight of cubic inc h 2262 or *2622 reversed. 

185612 

55682 

1856 

186 

Plroduct 24*8886 in lbs. Avoirdupois. 



80 WEIGHTS OF METALS. 

Ex. 8. Suppose the aboye casting is too light, and too 
long as a counterpoise, it being required 32 lbs. in weighty 
what length must it be in lead ? 

Areal section of pattern = 6 inchei. 
Weight of 1 cubic inch of lead = -415 lbs. 
Then -415 X 6 = 2-49, and S2 -f- 2*49 = 12*835 inches 
in length. 

Ounces of dry deal or yellow pine as patterns for 

castings or forcings , ^c. 

Multiplied by 1*011 = lbs. Avoirdupois in cast iron. 

„ „ 1*075 = „ „ wrought iron. 

„ „ 1*175 =19 n brass. 

„ „ 1*21 = „ „ copper. 

„ „ 1*584= „ „ lead. 

Ex. Suppose a model or pattern of drv pine equal 
8 lbs. 5 ozs. Ayoirdupois, what weight will the same be 
as a forging of wrought iron ? 

3 lbs. 5 ozs. = 63 ozs. X 1*075 = 56*975 lbs., or 56 lbs. 
16 oimces. 

Comparative Densities of various Metals* 

Bar or Plate Iron being 1*000 

Cast Iron = '942 

Steel, soft = 1*007 

„ hard = 1*016 

Brass, cast = 1*083 

Copper, „ = 1*123 

„ wrought = 1*140 

Lead = 1*487 

Ex. Required, the weight of 1 lineal foot of round 
wrought copper to replace 1 lineal foot of round bar iron 
I) inches diameter. 

As per table of bar iron, 1 foot of 1} in. round = 5*92 lbs., 
%nd 5-92 X 1*14 = 6*74 lbs. of copper. 



WEIGHTS OF IRON. 
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Weighi of Bqua/re and Bound Bar Iron in lbs. 
Avoirdupois per lineal foot. 



Inches. 


Square. 


Bound. 


Inches. 


Square. 


Bound. 


i 

linch 

$, 

h 

2 inchei 

i 

1 


•210 

•327 

•471 

•641 

•838 

1*06 

1-31 

1-58 

1-89 

2-21 

2-56 

2-94 

3-35 

4-24 

5-24 

6*33 

7-54 

8*85 

10*26 

11*78 

13-40 

15*13 

16*96 

1893 

21-00 

23*09 

25*33 

27*69 


•165 
•257 
•370 
•504 
•658 
•833 
1*03 
1-25 
1*48 
1-74 
2*02 
2*32 
2-64 
3-33 
4-12 
4-98 
5*92 
6*95 
8*06 
9*25 
10-53 
11*89 
13*32 
14*85 
16-45 
18-14 
19-90 
21-75 


3 inches 

H 

% 

4 inches 

4* 
4 

5 inches 

6 inches 

6} 

7 inches 

7i 

8 inches 

9 inches 


30*15 

32*72 

35*39 

3816 

41*04 

44*02 

47*10 

50*25 

53*60 

57-00 

60-51 

64.12 

67*82 

71-66 

75-71 

79-60 

83-75 

92-33 

101-33 

110-76 

120-60 

130-85 

141*56 

152*63 

16416 

188*42 

214*40 

271*28 


23*68 
25*70 
27 80 
29*97 
32*23 
34*58 
37 00 
39*51 
42*10 
44-78 
47*54 
50-17 
53-28 
56-29 
59-38 
62-54 

65-80 

72-54 

79-60 

8700 

94*72 

102*80 

111*17 

119*90 

12900 

14800 

168*40 

213-12 
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WEIGHTS OF ROUND IRON. 
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WEIGHTS or FLAT IBOIf* 
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Weights of Flat Bar Iron per lineal foot, in lbs. 

Avoirdupois, 





Thickness in parts of an inch. 


f 


* A i f * 1 } i lin. 


•16 


•24 


•31 












1 


i 


•21 


•31 


•42 


•63 












i 


•26 


•39 


•52 


•78 


1*05 










i 


•S2 


•47 


•63 


•94 


1*26 


1-51 








i 


•S7 


•55 


•78 


MO 


1*46 


1^83 


2*20 






lin. 


•42 


•63 


•84 


1*26 


1*68 


2*00 


2-51 


2*93 




1* 


•47 


•70 


•94 


1^41 


1*88 


2*36 


2*83 


3*30 


8'77 


u 


•52 


•78 


105 


1*57 


209 


2*62 


3-14 


3*67 


4*19 


If 


•58 


•86 


M5 


1*73 


2-30 


2*88 


3*45 


4*04 


4*61 


1* 


•63 


•94 


1-26 


1*89 


2*51 


3*14 


3*77 


4-40 


5-03 


J H 


•68 


1-02 


1-36 


204 


2*72 


3*40 


4-09 


4*77 


5.45 


i% 


•73 


MO 


1-47 


2*20 


2*93 


8*66 


4*41 


5*13 


587 


•78 


M8 


1-57 


2*36 


314 


3*93 


4*71 


5*50 


6*29 


-S5n. 


•84 


^26 


1-68 


2^52 


3*35 


4*19 


5*02 


5*87 


6*70 


•S 8^ 


•94 


1-41 


1-88 


2*83 


3-77 


4*71 


5*66 


6*60 


7-54 


■3 2i 


1^05 


1-57 


2-09 


3-14 


4*19 


5*23 


6*29 


7^33 


8*40 


1 2} 


M5 


1-73 


2-30 


3*45 


4*61 


5*76 


6*91 


8-07 


9*22 


S Sin. 


1*26 


^88 


2*51 


3*77 


5*03 


6-28 


7-54 


8-80 


10*05 


« Si 


1-36 


2-04 


2-72 


4*08 


5*44 


6-80 


817 


9*53 


10*89 


H 


1-47 


2*20 


2*93 


4-40 


6*86 


7-33 


8*80 


10*26 


11*73 


Si 


r57 


2-36 


314 


4*71 


6*28 


7^85 


9-43 


11*00 


12*57 


4in. 


1^68 


2-51 


3*35 


5*03 


6*70 


8^38 


10*05 


11*73 


13*40 


4i 


1.78 


2-67 


3*56 


5-34 


7^12 


8-90 


10-68 


12*46 


14*24 


ii 


1-89 


2*82 


3*77 


5*65 


7*54 


9^42 


11*31 


13-20 


15*08 


4} 


1-99 


2*98 


3-97 


5*97 


7-96 


9-95 


11*94 


13-93 


15*92 


5 in. 


2 10 


3*14 


4*19 


6^29 


8*38 


10^47 


12.60 


14*66 


16*75 


6* 


230 


3-45 


4-60 


6*91 


9*22 


11*52 


13*82 


16*20 


18*43 


6 in. 


2*52 


3-77 


5*02 


I'M 


1005 


12*56 


1508 


17*60 


2011 



WEIOHTS OF HETALS. 



Weight of a tttperfiaal foot of Btnkr PlaU Tivn, 
Shut Iron, Copper md Braaa, ut Ibt. Awnrdwpois. 



Weight of a lineal foot of Common Angle Iron, for 
ihe eonttnustian of Steam-ioHort, TanJc$, ^, tn Ks. 
Avoirdwpoii. 



Bretdih, 


Wei^t, 


Bteadth, 


Weight, 


miochei. 




ininche*. 




n 


11-79 


? 






10-4 




a-a 


% 


8-5 


1 


a^ 


6'B 




i« 



WEIGHTS OF nPKB. 
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Weight of a lineal foot of Plain Catt Iron Pipes, 
without belts or heads, in Ihs, Avoirdupois, 





inB. 


TbkhaMiorifMallnlncheii , 




T 

Ibt. 


Ibi. 


lbs. 


J 


i 


liochl 1^ 


U 


lbs. 


Ibi. 


Ibc 


Ibik 


Ibt. 




S 


8-8 


12*4 


16-3 


20-4 










< 


2i 


10-7 


14-9 


19-4 


24-1 


• 










3 


12-5 


17-4 


22-4 


27-8 


33-6 


39-7 


46-0 






3^ 


14-4 19-9 


25-5 


31-5 


37-9 


44-7 


56-6 






4 


16*2 


22*3 


28*6 


35*2 


42-3 


49-6 


57-1 


65*1 




4} 


18-1 


24-8 


31-7 


38-9 


46-7 


54-6 


62*7 


71-2 






20-0 


27-3 


34-9 


42-7 


51-0 


59-5 


68-3 


77-4 




H 


21-9 


29-8 


880 


46-4 


55-3 


64*5 


73-9 


83-4 


1 i 


6 


23-7 


32-2 


41-1 


50-1 


59-6 


69-4 


794 


89-8 


6} 


25-6 


34-7 


44-2 


53-8 


63-9 


74-4 


85-0 


96-0 


•S 


* 

7 


27-4 


37-2 


47-3 


57-5 


68-3 


79-3 


90-6 


102*2 


•«i4 


7i 


29*3 


39-7 


50-4 


61-2 


72-6 


84-3 


96-2 


108-4 


5 


8 


31-1 


42*2 


53-5 


65-0 


770 


89-3 


101*8 


114-6 


e 


8i 


33-0 


44-7 


56-6 


68-7 


81-3 


94-3 


107-4 


120-8 




9 


84*9 


4M 


59-6 


72-4 


85-7 


99-2 


112-9 


1270 


9i 


36-8 


49*6 


62-7 


75-6 


90-0 


104*2 


118-5 


183-2 


• - 


10 


38*6 


52-1 


65-8 


79-9 


94-3 


109-1 


124-1 


139-4 


& 

^rf 


10^ 




54-6 


68-9 


82-8 


98-6 


114-1 


129-7 


145-6 


0) 

1 


11 




570 


720 


87-3 


103-0 


119-0 


135-2 


151*8 


H} 




59-6 


75-1 


90-4 


107-3 


124-0 


140-8 


158-0 


P 


12 




62-0 


78-2 


94-7 


111-7 


128-9 


146-4 


164-2 




18 






84-4 


102-2 


120 4 


138-8 


157-5 


176-6 




14 






90-6 


109-6 


129-0 


148-8 


168-7 


189-0 




15 






96-8 


117-0 


137-7 


158-7 


179*8 


201-4 




16 








124-5 


146*4 


168-6 


181-0 


213*8 




17 








131*9 


155-1 


178-5 


202-1 


224-2 




18 








138-2 


162-1 


186*5 


211-2 


236-2 




20 










179*3 


206-2 


233-3 


260-8 




22 












225*8 


255-4 


285-4 


1 


24 












245-5 


277-3 310-0 



Note.— Two flaDges are generally estimated as equal to 
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WEIGHTS OF BALL8. 



one foot of pipe, but the weights of sodkets, belts, anA 
beads are entirely uncertain. 

To find the weight of any other diameter of cast iron 
pipe : — 

BuLE. — ^Add together the outside and inside diameters 
in inches, multiply the sum by their difierence and by 2*48, 
Uie product is the weight in lbs. Ayoirdupois. 

Ex. Required the weight of a lineal foot of pipe 30 inches 
internal diameter, and the metal 1^ inches in thickness. 

30 4- 2-5 = 32-5 and 32-5 -f 30 =r 625 
then 62*5 X 2-5 X 2*48 = 387*5 lbs., or 3 cwt. 1 qr^ 28 lbs. 

Diameters in inches^ and weigTU in lbs. AvoirdxtpoiSf 

of Cast Iron Balls. 



lbs. 

1 


inches. 


Ibfl. 
22 


inches. 




lbs. 


inches. 


IJ&A 


Ww 


52 


7A*A 


2 


2f&A 


24 


5A 




54 


7A&A 


8 


2J&A 


26 


5} 


J cwt. 


56 


H &A 


4 


3A 


28 


5*&A 




58 


n 


5 


3A 


30 


6A 




60 


7J 4A 


6 


H 


32 


6A 




62 


7| &A 


7 


3} 


34 


6i&A 




64 


7J 


8 


3* 


36 


6i&A 




66 


7} &A 


9 


4A 


38 


6*&A 




68 


7* &A 


10 


4iV 


40 


H 




70 


n &A 


12 


4A 


42 


6*&A 


f cwt. 


84 


H &A 


14 


4« 


44 


6« 


1 cwt. 


112 


OA&A 


16 


4J&A 


46 


m 


6 „ 


560 


15J &A 


18 


5A 


48 


7A 


10 „ 


1120 


20A ; 


20 


5i&A 


50 


7»&A 


Iton. 


2240 


25J 1 



NUTS} BOLTS AKD THBEAD8* 
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ApjproannuUe WeighU of a cylindrical inch of variouM 
Metals, in lbs. Avoirdupois, 



Cast Iron = '2059 

Bar „ = *2193 

Wrought,, = -2215 

Steel, soft = -2207 

liCad, cast •••••••.• = '8259 



Copper, cast •• 


.... = -2462 


Brass, „ 


.... = '24 


Zinc, „ 


.... = -2042 


Tin. „ .. 


.... = -207 


Mercmy at 60^ 


... = -3859 



Ex. What will be the weight of a circular plate of cast 
Iron 9 inches diameter and } of an inch in thickness ? 

9« = 81 X •76 = 60-75 X -2059 == 12-5 lbs. 

Tahle of proportional dimensions for hexagonal 
nuts and holt heads^ with the number of threads 'per 
inch, in accordance with what is commonly called 
Whitworth's Tahle. 



Diameter of bolts in inches 

Threads per inch 

Breadth of nuts 

Breadth oyer angles 

Thickness of heads & nuts 

Diameter of bolts in inches 

Threads per inch 

Breadth of nuts 

Breadth oyer angles 

Thickness of heads & nuts 

Diameter of bolts in inches 

Threads per inch 

Breadth of nuts 

Breadth oyer angles 

Thickness of heads ft nuts 



20 



lin. 
8 

Sin. 



5 
Sin. 



} 

16 

A 






1 

4 
3 



} 



12 

lin. 

■ft 



2tV 



Sin. 
4 
3 
3 
2 



If 
6 

2H 



H 

4 
4* 



1* 
6 

H 

Hi 



2i 

4 

4 
4| 
2I 



i 
9 

lio. 



1* 
5 



3 in 
Si 



FBOFEBIIES OF MSTALS. 



Table exWAting in sueeestive order various properHee 
of the principal metaU. 



MaDeabiUty. 


Dnctllfty. 


Tenadtj. 1 


Gold 


Gold 


Wrought Iron 
Wrt Copper 


8Uver 


surer 


Copper 


Platinum 


Platinum 


Tin 


Wrought Iron 


surer 


Cadmiam 


Copper 


Gold 


Platinum 


Zinc 


YeUow Braat 


Lead 


Tin 


Cast Iron 


Zinc 


Lead 


Zinc 


Wrought Iron 


Nickel 


Tin 


Nickel 


Palladium 


Bismuth 


Palladium 


Cadmium 


Lead 



Properties of metals as materials of construction* 



XnUmate cohesive strength 

of oa inch square bar 

in Tons. 



Cast steel 60 

Shear do 57 

Wrt. iron 25 

Gun metal 16 

Wrt. copper ... 15 

Cast do. ... 8} 

TeUow brass ... 8 

Cast iron 7} 

Zinc 3} 

Cast tin 2 

Bismuth 1^ 






19-5 

170 

101 

6-0 

4*3 
4-6 
9*0 

1-4 

1-0 



linear expansion 

flrom 
82« to 2120 Fahr. 



1 part in 842 
890 
812 
582 



n 

n 



n 
ft 
n 

99 

n 
ft 



581 

584 
900 
340 
462 
719 
351 



^g-e 



1^ 



li 




•133 ^ 

•137 
•220 



•193 
•210 
•125 
•329 
•278 
•156 
•319 



a 

I 

i 
I 



EFFECTS OF TEHPERATUIUB. 
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Melting, lotting, and freezing points ofvarume hodies, 

in degrees of Fahrenheit. 











Degrreet. 


Plaiintim ... 


•• 


• •• 


melts at 


3080 


Nickel 


••• 


... 


)} 


2810 


Cast Iron, average ... 


••• 


.•• 


n 


2786 


Gold, fine ... ••• 


••• 


... 


*9 


201 S 


Copper ••• ••• 


... 


... 


M 


1996 


Gun Metal 


.•• 


... 


n 


1900 


Silver, pure 


... 


... 


»» 


1873 


Srass .•• ••• 


... 


• •• 


)f 


1869 


Antimony ... •• • 


••• 


... 


)» 


810 


Zinc ... ••• 


••• 


• .• 


19 


773 


I^ead ... ..• 


•*. 


.*• 


99 


594 


Bismuth ... ... 


... 


... 


99 


476 


Tin 1 and Lead 4 ... 


... 


... 


99 


460 


Tin and Cadmium, each 


••. 


• •• 


99 


. 442 


Equal parts Tin and Bismuth 


• •• 


99 


283 


Sulphur ... 


•• • 


• •. 


99 


226 


Bismuth 5, Tin 3, and Lead 2 


... 


99 


214 


Bismuth 8, Tin 3, and Lead 5 


... 


99 


210 


I'eeS'wax ... ... 


... 


... 


99 


151 


Spermaceti 


... 


• • • 


99 


142 


Bismuth 15, Lead 8, Tin 4, and Cadmium 3 „ 


138 


Tallow 


••. 


• •• 


99 


72 


Mercunr ... 
Linseed Oil 


••• 


• •• 


boils at 


660 


••• 


... 


99 


600 


Sulphuric Acid 


••• 


••• 


99 


590 


Oil of Turpentine ... 


... 


••• 


99 


560 


Nitric Acid 


••• 


••* 


99 


242 


Sea Water 


••• 


••• 


99 


213 


Fresh Water 


••• 


• *. 


99 


212 


Ditto, in a yacuum 


••• 


• •• 


99 


98 


Olive Oil 


..a 


• •■ 


freezes at 


36 


Fresh Water 


.•• 


... 


99 


32 


Vineflrar .•• 


••• 


••• 


99 


28 


Sea Water 


• •• 


••a 


99 


27J 


Wines, average 


••• 


aaa 


9* 


20 


Turpentine 


... 


a. a 


9« 


14 


Sulphuric Acid 


... 


... 


99 


1 
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ALLOTS OF METALS. 



Equal parts Alcohol and Water freeze at 7^ below Zera 
Alcohol 2 and Water 1 ... „ ll 

Mercury ... ... ... freezes 39 

Nitric Add ... ... „ 45^ 



»> 


99 


If 


99 


n 


W 



NoTB. — ^Redheat of a common Are equal about 1200** F., 
and white heat of a smith's forge 2900 F, 

Proportions of Metals for the production of useful 

Alloys. 



Gun Metal 



Bronze 



Brass, hard 

„ sheet 

„ yellow 

„ deepyeUow 

Bearings for Machinery 

Muntz's Metal 

Babbit's „ 

and 6 Regulus of Antimony 

Bell Metal, for large Bells 

„ „ small „ 

Spelter Solder for Brass 

Copper and Iron 



t> 



11 



» 



Tinman's Solder 

Plumber's 

Glazier's 



»•••••• 



M 



»» 



Copper. 


Tin. 


Zinc 


11 


2 





8 


1 


1 


4i 


1 





9 


1 





8} 


1 





3 





1 


2 





1 


1 





2 


16 


2i 


i 


1* 





1 


1 


50 




8 


2 





16 


5 





1 





1 


16 





12 


Lead. 






2 


1 





1 


1 





3 


1 






A metal that expands in cooling from the melted state: — 
Lead 9, Antimony 2, and Bismuth 1. 

German Silver : — 100 Copper, 60 Zinc, and 40 NickeL 

Mosaic Gold — 16 Copper and 16} Zinc. 

Ordinary Type-metal .—15 Lead, 4 Antimony, and 1 Tin. 

Britannia Metal : — 50 Tin, 4 Antimony, 4 Bismuth, and 
1 Copper. 



TEMPBBING OF STEEL. 41 

Degrees of temperature necessary to effect ihejprao^ 
ileal color on hardened steel, for ^ various purposes 
to which edge tools are applied. 

Turning tools for metal 430° Fali., very pale straw color. 

to 4 50 A shade of darker yellow- 

Tools for Wood, Screw 

taps, &c 470 A dark straw yellow. 

to 490 A dark straw yellow, ap« 

proximating brown. 
Hatchets, chipping^ 

chisels, and other > 500® to 620® A brown yellow, or yellow 
percussiye tools ) slightly tinged with 

purple, 
to 530 Light purple. 

Springs, &c 550 Dark purple. 

„ 570 Dark blue. 

Proportionate quantities of Lead and Tin that will 
when in a melted state produce the various degrees oj 
color on hardened Steel by immersion, 

1 lb. of Block Tin to each quantity of clean Lead. 

Degrees. lbs. oz. 

Light straw color ... 480 Falu» 1 14 Lead. 

Yellow 450 „ 2 2 „ 

Dark straw yellow... 470 „ 2 8 „ 

Light brown 490 „ 8 8 „ 

Brown yellow 500 „ 4 12 „ 

Light purple 530 „ 'I ^ n 

Dark purple 550 „ 12 „ 

Dark blue 570 „ 25 „ 
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SCREW CUTTING. 



Change Wkeettfor Screw Cutting, the hading Screw of Lathe 

being ^ inch pitch. 



If 

2 

£ 3J 
S3J 
» 3f 

Z 4 

1 »i 
I * 

§ 7 
5^ 7i 

8 

81 
9 

H 
10 

II 

12 



80 
80 
80 
80 
60 
80 
80 
80 
80 
80 
i 40 
"^ 80 
40 
80 
40 
40 
40 
40 
^ 40 
B 40 



GO 

I 

d 
o 

1 






o 

a 

a 



40 
40 
40 
20 
40 
20 
40 
20 
SO 
20 
20 
20 
20 
20 
20 
20 
20 



2 

QQ 

to 

s 

I 

o 

1 
g 






o 
S 



40 
50 
60 
70 
60 
90 
100 

no 

120 

130 

65 

140 

70 

150 

75 

80 

85 

90 

95 

100 

110 

120 

130 

65 

140 

70 

150 

75 

120 

85 

90 

95 

100 

105 1 

110, 

115 

120 



A 

•8J 
• 9 
•9J 
•10 
•lOj 
•11 

•Hi 

•12 
IS 

g 15 

2 16 

3 17 
> 18 

I Id 
« 20 

I 22 

a 23 

5 24 

S 24 

g 25 

^ 25 

I 26 

I 26 

I 28 

^ 80 

32 

34 

36 

88 

40 

42 

44 

46 

48 

50 



4 



B 
90 
60 
60 
60 
50 
60 
60 
60 
20 
20 
20 
M 20 
m 20 
I 20 
3 20 
a 20 
'^ 20 
20 
^ 20 
S 65 
I 55 
I 60 
<S 30 
I 70 



S 



20 



70 
30 
30 
30 
30 
30 
30 
30 
30 
25 
SO 



C 

85 

90 

60 

75 

70 

75 

115 

J 60 

I 65 

g 70 

5 75 

1 80 

I* 85 

e 90 

% 95 
00 



I 

e 
8 

a 



9 



O 

I 

S 



05 

10 

15 

20 

20 

00 

00 

30 

20 

40 

40 

80 

85 

90 

95 

100 

105 

110 

115 

120 

100 



D 

20 

20 

20 

20 

20 

20 

20 

20 

t 60 

f 60 

fc 60 

I 60 

^ 60 

I 60 

Z 60 

1 60 

g 60 

I 60 

c 60 

I 20 

S 20 

a 20 

I 20 

I 20 

% 30 

fe20 

I 20 

I 20 

'^ 20 

20 

20 

20 

20 

20 

20 

20 

20 



bo 



£ 

90 

60 

95 

80 

75 

80 

60 

120 

120 

t 120 

S 120 

" 120 

120 

120 

t 120 

® 120 

S 120 

§ 120 

-s 120 

I 130 
^ 110 

•S 150 

I 75 

S 140 

^ 65 

I 150 

1 150 

I 120 

120 

120 

120 I 

120 

120 I 

120 

120 

100 

150 
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The PitcheB In the preceding Tahle marked * are repeated 
for the convenience of those who may prefer using the 
compound series. 

NoTB. — ^If the Leading Screw contains four threads to 
the inch (^ inch pitch), the screw to he cut will have douhle 
the number of threads given in the foregoing Table. 

To calculate for the Change Wheels when any other 
pitch of leading screw is given or required — 

I/et A represent the number of threads to be cut per 
inch; 

B, the number of teeth in wheel on lathe spindle ; 

C, the number of teeth in wheel in contact with spindle 
wheel; 

D, the number of teeth in wheel in contact with leading 
screw wheel ; 

£, the number of teeth in wheel on end of leading 
screw; and 
n, the pitch of leading screw per inch. 

Then, A x B x D 

~ = \jm 

Exn 
AxB X C ^ 



Exn 
C X £ X n 



= B. 



AXD 
A X B X D — B^ 
Cxn 
Arithmetically thns:— 

Let the leading screw equal } inch pitch, or 2 threads per 
inch, and the screw to be cut 10§ threads per inch. 

Take any 3 of the screw cutting wheels that can be con- 
veniently applied, say B of 50 teeth, £ of 75, and D of 20^ 
to find the number of teeth required in C. 

10-5 X 50 X 20 _ 10500 ^ ^^ ^^ ^ ^ 
76 X 2 150 
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To dutermine the number of teeih orpUeh of 8maU 
toheeU, on the Manchester prindjple. 

In this mode of finding the nnmber of teeth for any 
wheel of a given diameter, or the diameter of a pitch circle 
to contain any required number of teeth, simplicity is the 
chief aim, by erarion of fractional parts in the calculation. 
To eflTect this, the division of the pitch circle is entirely 
disregarded, and the pitch or number of teeth is determined 
by whole numbers on the pitch circle's diameter, and called 
the diametral pitch, whereby to distinguish between that 
and tiie common or circular pitch. In the following table 
the circular pitches are merely notified, so as to give some 
idea of the size of the teeth, by which to select what might 
be best adapted in strength to any particular purpose re- 
quired. 

Table of Pitches. 



Diame- 
tral 
pitch. 


CIrenlar 
pitch In 


diciilar 
pitch in 
fractions 


Diame- 
tral 
pitch. 


Circular 
nitchin 


Cirenlar 
pitch in 
fractiona 




8 


1-047 


l&^ins. 


9 


•849 


iftA 


4 


•785 


*&A 


10 


•814 


is>h 


6 


•628 


« 


12 


•262 


i 


6 


•524 


linch 


14 


•224 


i&A 


7 


•449 


ft&A 


16 


•196 


i&A 


8 


•393 


1 


20 


•167 i & A 



1. To find what number of teeth any wheel of a given 
diameter of pitdi circle will contain, or divide into^ of a 
required pitch : — 

BuLE. — ^Multiply the diameter of the pitch circle in 
inches by the given diametral pitch, and the product is the 
number of teeth. 
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Ex, Bequired the number of teeth in a wheel of 15 
Inches, and of 6 pitch. 

15 X 6 = 90 teeth of i inch circular pitch. 

2. To determine the diameter of pitch circle to contain 
A given number of teeth of a given pitch :— 

HuLE. — Divide the given number of teeth by the required 
diametral pitch, and the quotient is the diameter of pitch 
circle. 

Ex. What diameter of pitch circle is necessary for a 
wheel of 172 teeth and of 16 pitch ? 

172-7- 16 = 10*75 inches,— circular pitch =i -^ of an 
indi. 

Table of approodmate numbers by which to deter- 
mine the diameter of any pitch circle for a toothed 
wheel when tJie pitch of teeth and nurriber are given ; 
also, to find what number of teeth of a given pitch 
any given diameter of pitch circle will divide into. 



Pitch 


To find 


To find 


Pitch 


To find 


To find 


in 


the 


the number 


in 


the 


the number 


inches. 


diameter. 


of teeth. 


inches. 


diameter. 


of teeth. 


i 


•1592 


6-2832 


2 ins. 


•6366 


1-5708 


1 


•1989 


5-0266 


2* 


•6764 


1-4773 


1 


•2387 


4-1888 


H 


•7135 


1-3963 


iLch 


•2785 


8-5901 


2} 


•7560 


1*3240 


•3183 


3-1416 


2^ 


•7958 


1-2566 


H 


•3568 


2-7926 


2} 


•8754 


1-1333 


H 


•3979 


2-5132 


Sins. 


•9547 


1-0472 


H 


•4377 


2-2848 


3* 


1-0345 


•9667 


W 


•4774 


2-0944 


Si 


M141 


•8976 


u 


•5141 


1-9264 


4 


1*2732 


*7854 


% 


•5870 


1-7952 


5 


1-5915 


•6283 


•5937 


1-6755 


6 


1-9095 


•5236 i 
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RiTLi 1. — ^Multiply the nnmbera corresponding to the 
pitcli in the columns S or 5, and the product is the diameter 
of pitch circle in inches. 

Ex, Suppose a wheel of 128 teeth is required of ^ 
pitch. 

•6764 X 128 = 86*5792 or 86| and ^ inches the diameter. 

RuLB 2. — Multiply the numbers corresponding to the 
pitch in columns 3 or 6, and the product will show the 
number, plus or minus, that the circle will divide into at 
the given pitch. 

Ex, A pitch circle is required to be divided into H inch 
pitch, the diameter is 43^ inches; what will be the number 
of teeth? 

2*0944 X 43*5 = 91*1 teeth, hence the circle is plus -^th 
of the pitch towards another tooth. 

The diameter of pitch circle being given, and also the 
number of teeth required, — ^To find Uie pitch into which it 
will divide. 

Rule — Multiply 3*1416 by the circle's diameter in inches, 
and divide the product by the number of teeth; the quotient 
is the pitch in uches. 

Thus, suppose a pitch circle of 43^ inches to be divided 
into 91 teeth, what will be the pitch? 

3'1416 X 43-5 = ^^^'^^^^ = 1*501 inchei, and 

91 

such measurements can only be obtained from the decimal 
scale of inches, as annexed in the work. 
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Pitch of the Teeth of Wheels proportionate in 
strength to a given amount of Horses^ Power nominally, 
at various velocities. 



Fitch Thiekiiflti Breadth 
of Teeth In inchei. 



Velocities at the Pitch Cirdea, 
in feet per minute, viz., 

180 240 800 420 



4 


1-9 


3i 


1-6 


8 


1-4 


2* 


1-2 


2 


•95 


1!' 


•83 


ii 


•71 


y 


•59 


h 


•53 


Imch 


•48 



8 

7 

6 

5 

4 

3-5 

8 

2*5 

2-25 

2 



Hnxaes* Power. 



19 

14-75 

11 
7-5 
4-75 
3-5 
2-76 
2 

1-5 
1-2 



25-5 


32 


19-5 


24*5 


14-5 


18 


10 


12*5 


6*25 


8 


5 


6-25 


3-5 


4-5 


2*5 


3-125 


2^25 


2-5 


1-6 


S 



45 

34-25 

25 

17-5 

11 
6-25 
4-5 
3-5 
2-8 
2-5 



Restrictions relative to Wheels and Pinions in working 
contact, that ought to be attended to. 

1. When wheels drive pinions, let no pinion hare less 
than 8 teeth, rather 11 or 12 if possibly convenient. 

2. When pinions drive wheels, let no pinion have less 
than 6 teeth, rather 8 or 9. 

3. The number of teeth in a wheel should be prime to 
the number of teeth in a pinion : that is, suppose a pinion 
to contain 9 teeth, and required to make 6 revolutions for 
1 of the wheel; 6 times 9 = 54 teeth, and one added = 55 
teeth in the wheel. 

4. To increase or diminish velocity in a given proportion, 
and with the least quantity of wheel work, let the number 
of teeth on each pinion be to the number of teeth on its 
wheel as 1 to 6 ; that is, never let more than 6 teeth be in 
the wheel for 1 in the pinion. 
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rilCH CIBCLEB OF WHEELS. 



Table of ihe Pitch OireU$ of Whuh.frim 






Pitch of the Teeth in inches. 



i i \ f lin. ij ij ij ij 
Diameter of Pitch Circle in feet and inches. 
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U ft) 150 Teeth, of a given Pitch. 




60 



FITCn CIRCLES OF WHEELS. 



1^ 



Pitch of the Teeth in inches. 



4 I i J lin. IJ li J| IJ 



Diameter of Pitch Circle in feet and inches. 
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1J 

1^ 



36 
37 
39 
39 
40 

41 
42 
43 

45! 

46 

47 
48 
49 
50 

51 
52 
53 
54, 
55. 

56 
57 
58 
59 
60 

61 
62 
63 
64 
65 



Pitch of the Teeth Id inches. 



If 1} 1} 2 in. 2^ 2^ 2^ 2} 3 in. 
Diameter of Pitch Circle in feet and inches. 



1 
1 
1 
1 



1 
2 
2 
2 



2 1J2 



2 
2 
2 
2 



2 
2 
2 
2 



2 
2 

2 
2 
2 



2 



2 



2 10 
2 10^ 
2 11 



1 9^ 
1 10 
1 10^ 
1 11 
111 



8 2 



1 lOj 
1 111 
2 
2 
2 



^ 



2i 

4 

4 



2 4f 
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FITCH CIRCLES OF WHEELS. 



» 



66 
67 

68 
69 
70 

71 
72 
73 

74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 



Pitch of the Teeth in inches. 



i I } i liD. 1* U It 1* 



IMameter of Pitch Ciide in feet and inches. 



2 



2 9: 
2 9' 
2 10, 
2 lOt 
2 11 



3 5} 



3 9 
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71 
I" 



Pitch of the Teeth Id inches. 



H 1} H 2 in. 2J 2J 2i 2} 3 in. 



Diameter of Pitch Cixx^le in feet acd inches. 




6 9i 



?t 



4 

6i 
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PITCH CIRCLES OF WHESLA. 



II 



Pitch of the Teeth in inches. 



} I lilL Ij Ij 1| Ij 

Diameter of Pitch Circle in feet and inches. 
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II 



Pitch of the Teeth in inches. 



1| 1} 1} 2 in. 2^ 2^ 2^ 2} Sin. 
Diameter of Pitch Circle in feet and inches. 
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PlTCn CIBOLES OF WHEELS. 






Fitch of the Teeth in inches. 



if f f lin. Ij Ij It H 
Diameter of Pitch Circle in feet and inches. 




PITCH CIBCLE8 OF WHEELS. 



57 



r— 

•ii 



Fitch of the Teeth in inches. 



If 1} If 2 in. 2^ 2^ 2i 2} Sin. 
Diameter of Fitch Circle in feet and inches. 
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PITCH CIRCLES OF WHEELS. 



Pitch of the Teeth in inches. 



r 



ill J lin. IJ li If li 



Diameter of Fitch Circle in feet and inches. 
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57 



r- 



\ 



Pitch of the Teeth in inches. 



1^ 



If 1} 1| 2 in. 2| 2^ 2^ 2} Sin. 
Diameter of Pitch Circie in feet and inches. 




53 8TEABI OF WATE3. 

ON STEAM AND THE STEAM ENGINE. 



Steam is pare fresh water in an aeriform state, tlirough 
the absorption of caloric, or the matter of heat. 

All waters impregnated with foreign substances are dele- 
terious to the economic production of steam. £^sh water 
of average quality boils under atmospheric pressure at 212^ 
Fahrenheit, and one cubic inch produces aboa# one cubic 
foot of steam equal in pressure to that of the atmosphere, 
but only considered of any effective benefit as a motive 
agent in that of the condensing engine, in which a more or 
less vacuum is obtained through the medium of the con« 
denser and air pump. 

Steam is distinguished in practice by the terms, ''low 
pressure " and '* high pressure," in accordance with density, 
and because in a condensing engine, if a pure vacuum could 
be obtained, the effective atmospheric pressure, plus 15 of 
indicated pressure, would equal 30 lbs. per square inch of 
useful productive effect ; hence the common api>ellation, 
** low-pressure steam." Again, the atmospheric pressure 
being equal to 15 lbs., in round numbers, per square inch, 
the steam in a non-condensing engine has that resistance to 
overcome ; therefore 30 lbs. of indicated pressure in non- 
condensing engines are only equal to 15 of indicated pres- 
sure in those of the condensing principle ; for which reason 
steam of that density and above is designated steam of high 
pressure, or high-pressure steam. 

Steam is frequently separated by another vessel from its 
water of formation, and subjected to a greater degree of 
heat, whereby the watery particles of which it is composed 
are diminished in bulk but augmented in quantity and 
elastic force, through excess of caloric, and commonly 
termed superheated steam. 

Steam to which heat is applied after being separated 
from its water of formation, is subject to the same laws of 
expansion as atmospheric air and gases generally, the in- 
crease in volume from unity being 1*375 for 180 degprees of 
elevated temperature ; hence the rule — To the degrees of 
temperature before and after expansion, add the constant 
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ntiiiiber 459, divide the greater sum by the lesser, multiply 
the quotient by the Tolume at the lower temperature, and 
the product ia the expanded volume in equal terms of unity. 

JEx. If the volume of steam produced from water at 212** 
Fahrenheit equal 1711 times the bulk of the water from 
which it is produced, what will be the expanded volume at 
850'3^, supposing the pressure to be the same in both cases ? 

_|~± + i« = Z5|.3 X im = 1808-66 
212 + 459 671 

To find the elastic furce of steam at any given tempe- 
rature :— 

Bulb. — ^To the indicated temperature of the steam in 
degrees of Fahrenheit add 100, multiply the sum by *00564, 
and the sixth power of the product equal the force in inches 
of mercury, which being multiplied by *491, equal lbs. per 
square inch elastic force. 

Ex, Suppose steam at a temperature of 262^ Fahrenheit. 

862® + 100 X '00564 = 2*041686« = 74 inches of mer- 
cury, and 74 X *491 = 36*8 lbs. elastic force. 

Steam possesses the property of expansive force, and in 
the following ratio, viz. : If expanded to double its volume 
of formation, its retaining force equals one-hal^ if to three 
times its volume, one-third, if to four times its volume, 
one-fourth, &c., in an inverse ratio with the degree of ex- 
pansion; hence the beneficial properties of high-pressure 
steam in preference to low pressure in the economical 
working of a steam engine, if cut off early in the stroke, 
and continued to the end by expansive force. Thus, let 
dense steam be stopped off from the cylinder of an engine 
at one-half the stroke, the mean elastic force of the steam 
throughout the whole stroke equal 1*7; that is, the dense 
steam equal 1, — and the same steam expanded, terminates 
at half the original density, but by its increase of volume 
and diminution of elastic force, seven-tenths of the original 
elastic force are economised by the property of its expansion ; 
and similar values are obtained in similar ratios when 
stopped off at any other point of the stroke, as in the fol- 
lowing table : — 
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1-7 


\ 






of the stroke, the 


21 


of mean elastic 


Steam 




uniform elastic 


2-4 


force throughout 


stopped 




force bj density 


2-6 


the whole stroke 


off at 




and expansion 


2-8 


in terms of initial 






equal 


30 


density. 








32 





To determine where steam of any given density must be 
cut off, so as to retain a certain amount of elastic force at 
the end, or any other required point of the stroke. 

BuLT. — Multiply the length of the stroke in inches by the 
required elastic force of the steam at the giyen point or 
termination of the stroke, as it may be, and oivide the pro- 
duct by the given force of the dense steam | the quotient is 
the distance trom commencement of the stroke at which the 
dense steam must be cut off. 

Ex. Suppose steam at 20 lbs. per square inch, lenj^th of 
stroke 24 inches, and at the termination of the stroke the 
steam to have an elastic force of 7 lbs. per square inch. 

^ ^ * = 8*4 inches from the commencement of the stroke. 
20 

Salt or sea water does not boil at an equal temperature 
>rith that of fresh water, consequently it is an inferior me- 
dium of calorific reception for the production of steam, and 
as the water becomes evaporated, so is saturation approxi- 
mated and a higher temperature required to produce steam 
of equal density to that from fresh water. 

Sea water naturally holds in solution about ^rd its 
weight of salt, which becomes more and more augmented 
by evaporation, each grade as approaching to saturation 
requiring a higher degree of temperature in attaining the 
boiling point ; thus, sea water in its natural state boils at 
213*2® Fahrenheit ; at ^rds of saturation the boiling point 
is 214-4®; at ^rds it is 215*5®; and at ^rds the boiling 
point is elevated to 216*7® : and which grade of saturation 
the water in any sea-going vesaers boUers ought never to 
be allowed to exceed. 
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Elcutie farce of steam, and corresponding temperature 
of the ufot&r with which it is in contact* 



Ibfl. 
Ays. 



1 
2 
8 

4 
5 
6 
7 
8 
9 
10 
11 
12 
IS 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 
27 
28 
29 
80 



Tempemtim In degrees <rf 



Fahrenheit 



216-8 
219-6 
222-7 
225-6 
228-5 
231-2 
283-8 
236-3 
238-7 
241-0 
243-3 
245-5 
247-6 
249-6 
251*6 
253-6 
255-5 
257-3 
259*1 
260*9 
262-6 
264-3 
265-9 
267-5 
269*1 
270-6 
272-1 
273-6 
2750 
276-4 



Reanmnr. 



81-9 

83-8 

84.7 

86-0 

87 8 

88*5 

89*7 

90*8 

91*9 

98*0 

93-9 

94-9 

95-8 

96-7 

97-6 

98-5 

99*3 

100-1 

100-9 

101-7 

102-5 

103-2 

104-0 

104-7 

105-4 

106-0 

106-7 

107-4 

1080 

108*6 



Centlgnde 



Volnme of 
steam com- 
pared with 
volome of 
water. 



102*4 

104-2 

105*9 

107*6 

109-2 

110-7 

112-1 

113-5 

114-8 

116*1 

117-4 

118*6 

119*8 

120*9 

122-0 

123*1 

124*2 

125*2 

126*2 

127*2 

128*1 

129*1 

129-9 

130*8 

131-7 

132-6 

133*4 

134-2 

135-0 

135-8 



1578 

1488 

1411 

1343 

1281 

1225 

1174 

1127 

1084 

1044 

1007 

973 

941 

911 

888 

857 

833 

810 

788 

767 

748 

729 

712 

695 

679 

664 

649 

635 

622 

610 



Cabio 

Inches of 

water hi a 

cnblo foot 

of steam. 



1*099 
1*162 
1*226 
1-287 
1-850 
1*411 
1*474 
1*536 
1-597 
1*658 
1*719 
1*779 
1*840 
1*910 
1*959 
2*021 
2079 
2-138 
2-198 
2*258 
2-316 
2-376 
2-433 
2-493 
2-552 
2-610 
2*670 
2-725 
2-787 
2-842 
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1 


Volume of 


Cable 




lbs. 
Atb. 


Temperature In dcgreei of 


eteam<M>m- 
paredwith 


inchea of 
water in a 




«» V vt 








Tolame of 


cabioibot 


1 


81 


Fahrenheit 


Seanmnr. 


Centigrade 


water. 


of steam. 


277-8 


109-2 


136e 


598 


2-899 


1 


32 


279-2 


109-9 


137-8 


586 


2-958 


83 


280-5 


110-4 


138-1 


575 


3-015 


& 


84 


281-9 


111-1 


138-8 


564 


3-074 




85 


283-2 


111-6 


139-6 


554 


8130 


p 


86 


284-4 


112-2 


1402 


544 


3-188 ' 


& 


87 


285-7 


112-8 


140-9 


534 


3-248 


i 


88 


286-9 


113-3 


141-6 


525 


3-304 


i 


89 


288-1 


113-8 


142-3 


516 


3-361 


5i 


40 


289-3 


114-4 


142-9 


508 


3-415 


g 


41 


290-5 


114-9 


143-6 


500 


3562 


J 


42 


291-7 


115-4 


144-3 


492 


3-469 


1 


43 


292 9 


116-0 


144-9 


484 


3-526 


44 


294*2 


116-5 


145-7 


477 


3-585 


45 


295-6 


117-2 


146-4 


470 


3-700 


46 


296-9 


117-7 


147-2 


463 


3-756 


i 


47 


298-1 


118-3 


147-8 


456 


3-814 


a 


48 


299-2 


118-8 


148-4 


449 


3-865 


•fc 


49 


800-3 


119-2 


149-1 


443 


3-927 


i 


50 


301-3 


119-7 


149-6 


437 


3-981 


§ 


51 


302-4 


120-2 


lftO-2 


431 


4-037 


Si 


52 


803-4 


120-6 


150-8 


425 


4-094 


' 1 


53 


304-4 


121-1 


151-3 


419 


4-143 


54 


305-4 


121-5 


151-9 


414 


4-204 


a 


55 


806-4 


1220 


152-4 


. 408 


4*256 


•S 


56 


307-4 


122-4 


1530 


408 


4-309 


"9 


67 


30S-4 


122-8 


153-6 


398 


4-363 


§ 


58 


309-3 


123-2 


154-1 


393 


4*419 


i 


59 


310-3 


123-7 


154-6 


388 


4-476 


j5 


60 


311-2 


124-1 


155-1 


383 


4-535 




61 


312-2 


124-5 


155-7 


379 


4-583 


■ 


62 


318-1 


124-9 


156-2 


374 


4-645 




63 


3140 


125-3 


156-7 


370 


4-695 



fOBCB or SIBAX. 
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1 

1 










ydmneof 


Cubic 




Dm. 
Ayb. 


Tenpcntnra in degree! of 


BteemoooB^ 
pared with 


ineheeof 
water ina 


^ 










Tolmne of 


cable foot 






Fahrentwit. 


Reaumur. 


Centigiade 


water. 


ofsteaoL 


64 


314*9 


125-7 


157*2 


866 


4*747 




65 


315-8 


126-1 


157-7 


862 


4-812 


= 1 


66 


316-7 


126-5 


158-2 


358 


4-826 


€^ 


67 


317-6 


126-9 


158-7 


354 


4-881 


Is 


68 


318-4 


127-3 


159-1 


350 


4*937 


§S 


69 


nJ193 


127-7 


159-6 


S46 


4*994 




70 


3201 


1280 


160-1 


342 


5-052 


u 


71 


321-0 


128-4 


160*6 


339 


5-097 


72 


321*8 


128-8 


161-0 


335 


5*158 


(team 
preai 


73 


322-6 


129-2 


161*4 


332 


5-205 


74 


323-5 


129-6 


161-9 


328 


5-268 


^1 


75 


324-3 


129-9 


162-4 


325 


5-317 


sl 


76 


325-1 


130-3 


162-8 


322 


5-366 




77 


325-9 


130-6 


163-3 


319 


5-416 


78 


326-7 


131-0 


163-7 


316 


5-468 


79 


327-5 


131-3 


164-2 


313 


5-521 




80 


328-2 


131*6 


164*8 


310 


5-574 



Note. — In the application of any of the above indicated 
pressures of steam to a condensing engine, 15 lbs., or one 
atmosphere, mast be added, because the effective pressure 
in a condensing engine is the indicated pressure plus the 
atmospheric pressure, minus the resisting vapour remaining 
in the condenser, as shown by any indicator diagram taken 
from the cylinder, by which to test the merits or demerits 
of the engme in regard to useM effect. 

Thus, suppose an indicated pressure of 18 lbs. per square 
inch is applied to a condensing engine, 18 + 15= 33 lbs. 
as initial density, but the diagram taken shows existing 
vapour in the condenser, or other defects equal to 5^ lbs.; 
consequently, 33 ^ 5^ = 27^ lbs. per square inch of 
effective force upon the piston's area. 
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The steam engine is rendered an arailable souroe of 
motive power though the following innate properties of 
steam, viz. :^-elastic force, ezpansire force, and ready sub- 
mission to the destruction of its aeriform state tlm>iigh 
the abstraction of its heat by cold water, thus constituting 
the principles of the condensing engine. 

In engines on the non-condensing principle condensation 
of the steam is evaded by excess of density, and idfter 
having performed its duty in the cylinder, it is allowed to 
escape into the atmosphere ; hence, the atmospheric pres- 
fure on the boiler is a counterpoise to the effluent steam 
from the cylinder, minus its resistance by velocity against 
the pressure of the atmosphere. 

Steam, as regards its various theoretical vicissitades of 
beneficial effect in the steam engine, has long been investi- 
gated and experimented upon by eminent engineers, and 
the results of their researches and experiments have been 
given as data by which to construct upon, both relative to 
economy and design of modification, suitable to the nu- 
merous useful purposes to which the steam engine is 
applied. 

In the constructing and working of stationary engines, 
It is necessary to be guided by some restricted velocity for 
the piston in a given time (jtaufeet per minute), whereby 
to effect a maximum of power from a given pressure of 
steam necessary to the required performance of machinery, 
&C., at a steady uniform rate of motion ; but engines for 
marine purposes, or for locomotive purposes, have no re» 
striated velocities to contend with, otherwise than econo- 
mising of fuel and unavoidable want of steam occasionally. 

Several empirical rules have been, and still are, in use, 
whereby to determine the most advantageous velocities for 
the pistons of steam engines, through which to obtain a 
maximum of useful effect ; but, having found them so con- 
tradictory, I have abandoned the idea of anv rule in that 
respect, and substituted the following table, being from the 
practice of eminent engineers, and combined with my own 
practicai observations, as strictly attended to. 
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Table of Velocities for the Pistons of StaMonary 
EvigineSy with given lengths of stroke. 



Condensing EnglnM^ 


Non-Condensing Englnen 


Length in 

feet and 

iuchee. 


Nnmber 

per 
minute. 


Yeloctty 

in feet 

per minute. 


Length in 
feet and 
inchee. 


Number 
minute. 


Velocity 

in feet 

perminntOi 


2 


42 


168 


9 


100 


150 


2 3 


38 


171 


1 


80 


160 


2 6 


35 


175 


1 3 


70 


175 


2 9 


32 


176 


1 6 


62 


186 


3 


30 


180 


1 9 


55 


192} 


8 3 
3 6 


28} 
27 


185^ 
189 


8 
1 2 3 


50 
46 


800 
207 


3 9 


26 


195 


2 6 


42J 


212} 
217j 


4 


25 


200 


2 9 


39} 


4 6 


23 


207 


3 


37 


222 


5 
5 6 


21i 
20 


215 
220 


3 3 
3 6 


35 
33 


288} 
231 


6 


19 


228 


3 9 


31 


232} 


6 6 

7 


1^ 


237^ 
245 


4 
4 6 


29} 

87 


236 
243 


8 


16 


256 


5 


24} 


247} 



The useful effect of steam engines, independent of loco- 
motives, is estimated in terms of horses' power, one horse's 
power being an equivalent to 33,000 lbs. Avoirdupois, 
raised through one foot per minute; but the density of the 
steam taken into calculation causes a distinction of terms 
of expressed effect, the one being taken at a constant 
uniform pressure of 7 lbs. per square inch, which constitutes 
nominal horses' power; the other is the mean effective 
pressure of steam taken by an Indicator, and called actual 
horses' power. The following axe the general r^tive 
rules:— 

RuLis 1. — ^Divide the product of 33000 multiplied by the 
required number of horses' power, by the product of the 
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velocity in feet per minute, multiplied by 7 lbs. per squaic 
inch, and the quotient is the piston's area in square inches. 

Bulb 2. — ^Multiply the piston's area in square inches by 
its Telocity in feet per minute and by 7 lbs. ; diyide the 
product by 33000, and the quotient is the expressed effect 
in nominid horses' power. 

Ex. I. Required the diameter of cyUnder for a condensing 
engine of 24 nominal horses' power, the length of stroke 
beSig 4^ feet, or 207 feet Telocity per minute. 

33000X^ ^ 792000 ^ ,,,.g .^^^^^ ^^^ 
207 X 7 1449 or 2&} inches diameter. 

Ex. S. What is the power of a condensing engine nomi- 
nally, whose cylinder is 26f inches diameter, and Telocity 
of piston 207 feet per minute ? 

26*375* X '7854 = 546*6 square inches area. 
Then 546 6 X 7 X 207 ^ 79i023-4 ^ ,^ ^,,^. 

33000 33000 ^ 

High-pressure, or non-condensing, engines can only pro- 
perly be estimated in actual horses' power, because it is 
from the steam's density and Telocity that the total amount 
of useful effect is produced ; hence, restricted Telocity for 
calculation of effect is required, which the preceding table 
of Telocities will supply (see page 65), the length of stroke 
being about three times the cylinder's diameter. 

Ex. 1. What must be the diameter of cylinder for a high- 
pressure engine of 16 horses' power, with a stroke of 3 feet, 
or 222 feet Telocity per minute; the dense steam equal 
40 lbs. per square inch, and cut off at i stroke ? 

Mean elastic force of steam (as per table, page 70)^ 
8= 33-86 lbs. per square inch. 

Then, 33000 X 16 ^ 528000 ^ ^^.^^ .^^^^^ 

33-86 X 222 7516*92 or 9* inches diameter. 



Ex. S. The diameter of the cylinder of a non-condensing 
engine is 14 inches, length of stroke 3^ feet, dense steam 
40 lbs. per square inch, and cut off at f ths of the stroke,^- 
required the actual horses' power. 
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Area = 154 square inches ; 

Mean elastic force of steam = 36*15 lbs. ; 

Velocity of piston in feet per minute = 231. 

Ihen, 154 X 8615 X 231 _ 1286000 _ ,« q i,^— .» ^^ 
^ — ^ ^ 38 '9 horses power* 

33000 33000 ^ 

Note. — ^The diameters of circles, consequently the dia- 
meters of cylinders, are obtained either by dividing the 
area by *7854 and extracting the square root of the quotient, 
or by multiplying the square root of the area by 1*12837 ; 
otherwise refer immediately to the tables of areas and cir- 
cumferences in this work ; but if the tables are not suf- 
ficiently extended, divide th\. area by 4, and twice the 
diameter opposite the quotient in areas equal the diameter 

required. Thus, suppose the area = 136*66, the 

4 

diameter of which equal 13^, and twice 13^ = 26|, the 

diameter as required. 

Approximate RuJes reletting to non-'omdensing Steam Engineer 

1. To find the power of an engine, the diameter of cy- 
linder and pressure or force of dense steam being given. 

Rule. — Multiply the square of the cylinder's diameter 
in inches by the force of the steam in lbs. per square inch, 
and by *003, the product is the number of horses' power 
nominally that the engine is estimated equal to. 

Ex, Required the power of an engine with a cylinder of 
9 inches diameter, and steam at 85 lbs. per square inch. 

9* = 81 X 35 = 2835 X '008 = 8*5 horses' power. 

2. To determine the diameter of cylinder for an engine 
of a required power nominally, and with a given pressure 
of steam: — 

Rule. — Multiply the required number of horses' power 
by 334, and divide tbe product by the force of the steam in 
lbs. per square inch ; the square root of the quotient is the 
cylinder's diameter in inches. 

Ex, What must be the diameter of the cylinder for A 
S-horse engine, with steam at 80 lbs. per square inch? 

334 X 6 = 22^ = V 66-8 = 8*173, or SvV ins. in diameter. 
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TahU of the diameters of cylinders for condensing 
engines of nominal Tiorses* jM>wer, the strokes of 
proportionate lengths, and the dense steam 7 lbs. 
per square inch above atmospheric pressure* 



IH 



& 



10 
12 
U 
15 
16 
18 
20 
24 
25 
28 
30 
35 
40 
45 
50 
60 



Stationftry EnglneiL 



i 









8 



Ill 



28} 
27 

»» 
26 

25 

24 

23 

22 

214 
20 

w 

19* 
19 

18} 
18 



d 



> 



185} 
189 

w 
195 

200 

204 

207 

209 

215 

220 

224} 
228 

231} 
234 



Marine EnginMb 






^^ 



^a 



16 
20 
25 

80 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

150 

200 



I 



S e » 
III 



24| 

26| 

28| 

8l| 

86i 

39} 

43 

46 

48 

50 

52} 

55 

57 

59 

62} 

71} 



55^ 



NoTB. — ^The diameter of air pnn&p for any stationarj 
engine equal *67 ; and the diameter for the same in a ma- 
rine engine equal *68 of the cylinder's diameter in inches, 
■^t half the stroke of the engineu 
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Jiible of the diametert of &/lindert for non-comJm- 
$irtg mffina of actual horsed power, the ttrokte of 
proportionaU lengtht, the detue steam 30 lbs. per 
eqvare inch, and cut off at ^tfu of the stroke. 



HonM- 


VOL 


LoigUi 
ofn^ 
iuliiclua. 


S 


TehKllyln 
tetpo 
mluDle. 


H 




3» 


9 


100 


ISO 




t 


12 


80 


160 




5 


IS 


70 


17B 


1=1 




t 


IS 


69 


1B6 


1 




fii 


SI 


S5 


I92i 




n 


— 


— 


— 




H 


34 


60 


aoo 


I 




H 


— 


— 


— 


s 




H 


« 


46 


907 


I 




H 


— 


— 


— 






B| 


30 


«* 


2»i 


1 




lOi 


— 


— 


— 


m 




11 


S9 


391 


217i 


10 
S5 


18} 


H 


37 


232 



Non. — The denie iteun at 30 lbs. per iquBre inch, ftnd 
continned to }tb« of tbe itroke in a non-candensing engine, 
it cotMidered ft Uii average eSectlTe poirer per horce, La ■ 
e(Mumerci«l point of Tiew, 
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Table of the mean elastic force of steam xn pounds 
per square inch in a steam engine, at various grades 
of expansion. 





Dense 8teftm cat 


off after the 


piston 


has 


tial dens 
steam ii 
r square] 


passed through the following parts of the 
stroke, viz. : — 




^or "2 


J or -25 


for -4 


^or *5 


for -6 


for -75 


for -8 


9 


4-69 


5-37 


6-89 


7-62 


8-13 


8-67 


8-80 


^ 10 


5-22 


5-97 


7-67 


8-46 


903 


9-64 


9-78 


3 11 


5-74 


6-56 


8-43 


9-31 


9-94 


10-60 


10-76 


12 


6-26 


7-16 


919 


10 16 


10-84 


11-67 


11-74 


1 13 


6-78 


7-75 


9-96 


11-01 


11-75 


12-53 


12-72 


.a 14 


7-31 


8-53 


10-73 


11-85 


12-65 


13-49 


13-97 


p 15 


7-83 


8-95 


11-49 


12-69 


13.55 


14-46 


14-68 


9 16 
1 17 


SSS 


9-54 


12-26 


13-54 


14-46 


15-42 


15-66 


8-87 


10-14 


1303 


14-39 


15-36 


16-38 


16-63 


1 1^ 


9-39 


10-74 


13-79 


1524 


16-27 


17-35 


17-61 


1,19 


9-92 


11-33 


14-56 


16-81 


17-17 


18-31 


18-59 


o 20 


10-44 


11-93 


15-33 


16-93 


18-07 


19-28 


19-57 


X 25 


1304 


14-91 


19-16 


21-16 


22-59 


2409 


24-46 


£ 30 


15-65 


17-89 


22-99 


25-39 


27-11 


28-91 


29-35 


f 35 
1 40 


18-26 


20-88 


26-83 


29-63 


31-63 


33-73 


34-24 


20-87 


23-86 


30-66 


33-86 


36-15 


38-55 


39-04 


^ 50 


23-48 


26*84 


84-88 


38-09 


40-66 


43-37 


44-03 


2609 


29*82 


38*32 


42-33 


45-18 


48-19 


48-99 



Ex, If dense steam be admittied to the cylinder of an 
engine at 85 lbs. per square inch, and cut off when the piston 
has moved through ^ths of the stroke, the mean elastic 
pressure during the whole stroke is 31-63 lbs. per square 
inch, as obtained hj initial density and expansiye force. 
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On Steam Boilera. 

In the formation or construction of boilers for steam 
engines, safety and economy are the principal restrictions : 
capacity for water and steam, tuperflcial heating surface, 
and sufficient area of fire grate nnoonfined for ignition of the 
gases, are laid down as acknowledged rules, viz., 25 to 27 
cubic feet capacity, 9 to 12 square feet heating surface, and 
not less than }ths of a square foot of fire grate surface to 
each nominal norse power; but, relative to fire grate sur- 
face, it is only where coal is used as fuel that the given 
dimensions apply. Where wood is the fuel employed, a 
much greater fire surface is required, particularly in length, 
JO as to receive the billets cut at convenient lengths ; and 
in tropical climates generally, it is highly recommended to 
form, if possible, a stream of running water in the direction 
of the fiame, fore and aft the boiler, covered in its length 
everywhere, but immediately under the fire grate. I 
found the plan very beneficial in India, South America, and 
in some parts of Australia, where mcgass or crushed sugar 
cane, and wood are the only fuels that can at any reason- 
able rate be obtained. The stream suits the two-fold pur- 
pose of carrying away the falling ashes from the fire, and 
also assists in maintaining a colder current of atmospheric 
air to the fire for the support of combustion. 

Thin films of water as water spaces in boilers are very 
objectionable, and ought to be carefully avoided, where 
possible, in the construction, particularly over fierce fire or 
flame in a horizontal position; and even vertical water 
spaces ought to be wider at top than bottom, so as to aUow 
more free egress for the steam in its formation. Again, in 
fiat surfaces stays are unavoidable; but in the wear of 
boilers anxious examination, whenever an opportunity 
occurs, ought not to be neglected, as frequently an action 
takes place around the ends or nuts of some of the stays 
inside the boiler, as if the plate had been put upon a face 
plate in a lathe and hollowed out with a round pointed 
tool. 
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8AFITT TALYES. 



Table of Dimennons for hoiUrs of a eylindtieal form, 
the engines of nominal Tiorse^ jpower. 



Number 


Length of 


Length of 


DlMn.or 


Width 


Nnmberof 


of honei' 


boiler in 


fire bars in 


boBer In 


of 


anddiam. 


power. 


feet 


feetAlna. 


feet 


ftiniao& 


€t Onm. 










ft. in. 




1 


6 


1 7 


H 


1 4 


f 


S 


n 


S 


2k 


I • 


i — 


3 


9 


2 4 


4 


1 8 


m 4 — 


4 


10 


2 9 


3 


1 9 


o «^ 

a 


5 


U 


2 11 


H 


2 












ft in. 


6 


12 


3 2 


^ 


S 3 


fl 6 


8 


14 


3 8 


4 


2 4 


0$ 1 8 


10 


Ibi 


4 


4* 


2 8 


5 J 1 11 


12 


16 


4 a 


5 


2 11 


9^2 


14 


in 


4 7 


H 


3 


§ 2 3 


15 


18 


4 9 


H 


3 2 


12 4 


16 


18} 


4 10 


H 


3 3 


8 fl 7 


18 


19 


5 


4 


3 4 


SJl 8 


20 


20} 
22} 


5 4 


6 


3 6 


0)1 9 


25 


5 9 


6} 


3 11 


£ La 



NoTB. — ^For greater powers of engines two boilen are 
preferable to one of extended dimensions. 

To find the indicated jpresmre, force, or density of 
steam by a properly adjusted safety valve, 

RuLB— Multiply the square of the opening in the boiler 
or narrowest diameter of the valve seat by *7854, and the 
product is the area in terms of the dimensions given. 

Ex. 1. Let the diameter of opening or seat of valve equal 
6f inches, required the area. 

6*8 75 • =40-64 X *7854 = 31*9 &c. square inches. 
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Suppose an indicated pressure of 12 lbs. per sqnare inch 
is required, and the weight attached to the yalve, the weight 
of Yidye and attachments IG^lbs^ what weight wiU be re* 
quired ? 

31*9 X 12 =382-8 — 16*5 = 366*3 lbs. 

If the pressure on a safety valye is to be effected by a 
lever and weight, or by a lever and spring balance, fix the 
lever properly into its situation ; then, with a spring balance 
attached immediately at that point of ^e lever where it 
rests upon the valve, raise the spring balance by hand 
until the lever is level^ then the index of the spring balance 
will show the amount of action or downward tendency the 
lever has, by gravity and leverage, to press down the valve. 
Multiply the total pressure of steam required upon the 
valve by the distance between the centre of pin on which 
the lever moves, and centre of valve; subtract from the 
product the action of the lever, plus the weight of the 
yalve, divide the remainder by the distance between centre 
of pin and weight or spring balance attached to the lever, 
the quotient is the weight required or indicated pressure 
by spring balance, when steam is just at point of blowing 
oft 

Take the preceding example at the area of valve and 
pressure of steam required, distance from centre of phi to 
centre of valve 6^ inches, distance from centre of pin to 
weight or spring balance 32^ inches, action of lever 14 lbs, 
weight of valve 7^ lbs, and required pressure 12 lbs. per 
square inch. 

Area of valve = 31*9 square inches X 12 lbs. = 382*8 lbs. 
total pressure required. 

Action of lever and weight of valve =r 14 + 7*25 ss 
Sl*25 lbs. ; then, 

882-8 X 6'5 = 2488-2 - 21*26 = ^^6^5 j= 76 Ibfc tobe 

32-5 
suspended bv the lever at that point, or indicated weight 
by spring balance. 
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Again : rappoae all circmnBtanoefl as abo^e, what wfll U 
the preBSOie on each square inch of the safety yalre f 

88-5 X 76 = 2470 + 21*25 = 2491*25 ; and 

81*9 X 6*5 = 207*35; henoe 

2491*25 



207*85 



ss 12 lbs. per square uich. 



Ex, 2. Suppose the diameter of a safety yalre equal 
4| inches, the distance between centre of pin and centre 
01 yalve 5 indies, distance between centre of pin and point 
on the leyer at which the weight is suspended equal 
SO inches, weight of yaiye and action of leyer 9 Ibs^ weight 
or indicated pressure by spring balance 76 Ibs^ required 
the pressure in lbs. per square inch on the yalye. 

4*875* X *7854 = 15 inches area, 

and 76 X 30 + 9 s=: 2239, also 15 X 5 s= 75 ; 

2289 

hence ^-7— = 80*52 lbs. per square inch. 

75 

Again, suppose the pressure is to be reduced to S5 lbs. 

Sir square inch, under the same circumstances ; at what 
stance on the leyer from the centre of pin must the 
weight or spring balance be placed ? 

15 X 25 - 9 == 366 X 6 = ^ = 24 inches. 

76 

Sometimes where it is inconyenient, for the want of a 
spring balance, to ascertain the action of the leyer on a 
safety yalye, the lever is extended in length beyond its pin 
or ftilcrum on which it moyes, and a small ball of any 
metal attached, as a counterpoise to the leyer. 

As a rule for the proportioning of safety yalres with 
leyers, the distance between fulcrum and centre of yalye 
equal the diameter of the yalye, and the distance between 
weight or spring balance as many times the yalye*t dia< 
meter as there are square inches in its area. 
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ON LOCOMOTIVE ENGINES. 



Table of co-eficienU for facilitating the eonvputation 
of effect hy Locomotive Engines, 



iLength 


Diameter of Driving Wheels in Feet. 


Stroke 


4 1 4^ 1 5 1 5M 6 6J 1 7 


in inches 


Co-efiScients. 


20 


•2652 


•2393 


•2122 


•1929 


•1768 


•1632 


•1516 


19 


•2519 


•2273 


•2016 


•1832 


•1679 


•1560 


•1440 


18 


•2386 


•2153 


•1910 


•1736 


•1591 


•1468 


•1364 


17 


•2254 


•2034 


•1803 


•1640 


•1503 


•1387 


•1288 


16 


•2121 


•1914 


•1697 


•1543 


•1415 


•1305 


•1213 


15 


•1989 


•1795 


•1591 


•1447 


•1326 


•1224 


•1137 


14 


•1856 


•1675 


•1485 


•1350 


•1237 


•1141 


•1061 


13 


•1724 


•1555 


•1379 


•1254 


•1149 


•1061 


•0985 


12 


•1591 


•1436 


•1273 


•1157 


•1061 


•0979 


•0909 



1. To determine the amount of tractive power a locomo- 
tive engine is capable of exerting on a level line of railway 
with a given force or pressure of steam, the following being 
given, viz. : — 

Diameter of cylinder, 
licngth of stroke. 
Diameter of driving wheels. 
Indicated force or density of steam. 
Pounds per ton of tractive power. 

Bulb. — Multiply the sum of the areas of the pistons in 
inches by the given pressure of steam in lbs., and by the 
co-efficient in the table coinciding with the length of stroke 
and diameters of driving wheels ; the product is the totid 
amount of tractive power in lbs. — Divide the product by 
the tractive power i>er ton in lbs., and the quotient is the 
gross load the engine is equal to in tons on a level railway. 

E*. Suppose an engine with cylinders of 13 Inches dia- 
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meter, stroke 18 inches in length, driylng wheeb 5J feet 
in diameter, and steam at 40 Ihs. per square inch, required 
the gross load in tons the engine's power is equal tou 

13« X *7854 = 132*7 inches in area. 

X 2 in number. 

265*4 
X 40 lbs. per square incii. 



10616^ 

*1736 co-efficient. 



1842-9376 or 1843 lbs. tractive power. 

Then 1843 -f- 9*5 = 194 tons gross load; and suppose the 
engine and tender equal 18 tons, — 194*18 = 176 tons 
weight of tnun. 

2. To ascertain what pressure of steam is necessary for 
a locomotiye engine of given weight and dimensions, with 
a known weight of train attached. 

Bulb.— Multiply the sum of the areas of the cylinders 
by the proper co-efficient, as before described, for a divisor ; 
again multiply the gross load of the train in tons by the 
tractive power in lbs. per ton ; divide the product by the 
divisor, and the quotient is the indicated pressure of steam 
required in lbs. per square inch. 

Ex, An engine and tender of 18 tons in weight, and 
train 176, or gross weight 194 tons, what force of steam per 
square inch will be required With the above engine to trans- 
port that load upon a level line f 

265*4 sum of the two areas. 
X '1736 co-efficient. 

15924 194 tons gross load. 

7962 X 9*5 lbs. tractive power per too. 

18578 970 

2654 1746 

46 \07344 1843*0 

Hence 1843 -f- 46 s= 40 lbs. per square inch. 
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In ascending any inclined plane with an engine, the 
weight or resistance to traction is augmented by gravity 
as the rise or incline of the plane is to the height ; hence 
if 1 ton, or 2240 lbs., be the unit of weight, 9^ lbs. the unit 
of traction per ton upon a level line, and 1 in 350 the 
inclination of the plane, then 2240 -f- 350 = 6*4, and 
9*5 + 6*4 = 15-9 lbs. or the force of traction for the same 
weight upon the incline. 

Again, if the train be descending, the force of traction is 
diminished in an equal ratio, and the train accelerated by 
gravity ; thus, 9*5 — 6*4 = 3*1 lbs. required for traction on 
the descending plane. 

The resistance to any flat surface 1 foot square passing 
through a still atmosphere at about 1 mile per hour equiS 
*005 lbs. Avoir.; -and the resistance increases as the square 
of the velocity. Hence, if a train expose an opposing 
frontage of 20 square feet at a velocity of 5 miles per hour, 
5* X 20 X '005 = 2 lbs. resistance; but if the velocity be 
increased to 25 miles per hour, the opposing force of re- 
sistance on the same frontage equals 25* X 20 X *005 = 
62*5 lbs. 

To find the time and distance that one railway train will 
overtake another, their rate of speed being known ;— 

Bulb. — As the difference of the speed of the two bodies 
in motion is to the distance gone by one, so is the motion 
of the quicker body to the distance, or term required. 

Ux. Suppose a train to be started at a g^ven time, and to 
continue at the rate of 27 miles per hour; in 85 minutes 
after, a dispatch train is sent to overtake the first, at a 
continued speed of 33 miles per hour; how far will the 
first have gone when the second overtakes it? 

33 ~ 27 = 6, and 27 -7- 60 = *42 miles per minute, the 
speed of first train ; 

Then -42 X 35 = 14*7, and 6 : 14*7 : : 35 : 85*75 miles 
distant when overtaken; 

And 6 : *42 : : 35 : 2*45 hours, or 2 hours 27 minutes 
from the time of starting of the second train* 
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TdNe of BaUway Oradients and resistance 1o trains 

per ton by indination. 



Vertical Rise 


Ratio of 
Inclination. 


Gravity dne to 

incline per ton, 

in lbs. 


YertlcslRise 


Ratio of 
Inclination. 


Gravity duo to 

incline per ton, 

Inlbi. 


Per 

mile in 
feet 


Per 

chain in 
inches. 


Per 

mile in 
feet 


Per 
chain in 
inches. 






one in 








one in 




5 


•75 


1056 


2-12 


28 


4-20 


188-6 


11-89 


6 


•90 


880 


2-54 


29 


4-35 


182*1 


12-30 


7 


1-05 


754^2 


2-97 


30 


4-50 


176 


12-72 


8 


1-20 


660 


3-39 


31 


4-65 


170-3 


13-15 


9 


1-35 


586-6 


3-82 


32 


4*80 


165 


13-57 


10 


1-50 


528 


4-24 


S3 


4-95 


160 


14-00 


11 


r65 


480 


4-66 


34 


5-10 


155-3 


14-42 


12 


1-80 


440 


5-09 


35 


5-25 


150-8 


14-85 


13 


1-95 


406-1 


5-51 


36 


5-40 


146-6 


15-28 


14 


2*10 


3771 


600 


37 


5-55 


142-7 


15-69 


15 


2-25 


352 


6-36 


38 


5-70 


138-9 


16-12 


16 


2-40 


330 


6-79 


39 


5-85 


135-4 


16-54 


17 


2-55 


310-6 


7-21 


40 


6-00 


132 


17-00 


18 


2-70 


293-3 


7-64 


41 


6-15 


128-1 


17-39 


19 


2-85 


277-9 


8-06 


42 


6-30 


125-7 


17-82 


20 


3.00 


264 


8-48 


43 


6-45 


122-8 


18*24 


21 


3-15 


251-4 


8-91 


44 


6-60 


120 


18-66 


22 


3-30 


240 


9-33 


45 


6-75 


117-3 


19-09 


23 


3-45 


229-5 


9-70 


46 


6-90 


114-8 


19-51 


24 


3-60 


220 


10-18 


47 


7-05 


112-3 


19-94 


25 


3-75 


211-2 


10-60 


48 


7-20 


110 


20-36 


26 


3-90 


203-1 


11-03 


49 


7-35 


107-7 


20-79 


27 


4-05 


195-5 


11-46 


50 


7-50 


105^6 


21-21 
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Useful notes connected with steam engines generally. 

The proper length for the connecting rod of a beam 
engine, is the perpendicular distance between centre of 
beam axis and centre of fly wheel shaft. 

The proper length for the side rodB of a lerer engine, is 
the perpendicnlar distance between the centre of lever and 
centre of piston cross- head at half stroke. 

The proper length for connecting rods of direct action 
engines is, the distance between the centre of crank axle 
and centre of piston cross-head at half stroke. 

The proper length for an eccentric rod is, the distance 
between centre of fij wheel shaft, or centre of revolution, 
and centre of stud in traverse shaft, when the valve is at 
half stroke. 

To determine the proper Telocity for the governor or 
regulator of a steam engine, or other motive power, the 
length of x>endulums being given :— 

Bulb. — Divide 875 by twice the square root of the pen- 
dulum's length, and the quotient is the number of revolu- 
tions per minute. 

Ex, What number of revolutions ought a governor to 
make per minute, whose pendulums are 24 inches in 
length? 

V24 = 4*899 X 2 ss 9*798, and 875 -r 9*798 = 88*27 
revolutions per minute. 

To find the proper length of pendulums for a governor^ 
when the number of revolutions per minute are given : — 

BuLE. — ^Divide 875 by twice the number of revolutions 
per minute, and the square of the quotient is the length of 
pendulums required. 

Ex. When the given velocity for a governor is 88*27 
revolutions per minute^ what must be the length of pen- 
dulums? 

88*27 X 2 = 76-54, and 875 -f- 76*54 = 4*9* = 24 inches 
in length. 

The governor of an engine is required to make 52 revo- 
lutions per minute during the same time the engine makes 
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66; on tiie llf- vlied disft is fixed a IS indi pulley; and oo 
the bottom end of governor spindle a berri wheel contain- 
ing 36 teeth ; leqnired the diameter of intgrmediate pnlley, 
and ilao the nnmber of teeth in intennediate wheel by 
whidi to effect the proper vdocity. 

66 X 52 = V 3432 == 58*58 ratio of Tdodtiea : 

Then 66 x 12 = 792 -^ 58-58 = 13-53 inches, diametei 
of intermediate polley ; 

And 52 X 36 = 18720 -f- 58*08 = 32 teeth in the inter- 
mediate whed. 
The first driving whed from an engine or other motire 
power is 5 feet 6 inches in diameter at the intch line, and 
oontains 83 teeth; the engine makes 25 revoiatiooa per 
minnte, and tiie first line of shafting is to make 36 in the 
same time ; what distance apart finom centre to centre must 
the shafts be placed, and what mnat be the liiin^t ^r of the 
other wheel at the pitch circle? 

5} feet = 66 inches ^ 2 = 33 ; 
Then 33 X 25 = 825 -H 36 = 229 X 2 = 45*8 inches, 

diameter of second or driven wheel; 
And 33 + 22-9 = 55-9 inches distance of shafts from 

centre to coitre. 
Suppose a wheel or pulley of any given diameter or 
nnmber of teeth, and at any given velocity — say, in this 
example, 45 revolations per minute — ^what must be ^e 
diameter of another to be driven by it, and to make 18 
revolutions in the same time ? 

118 ^ 45 = 2-62 ratio of Tclodties. 

Let the first wheel or pulley equal 36 inches diameter- 
then 36 -f- 2-62 = 13*74, or 13} inches of snuiller wheel or 
pulley ; and if it be a toothed wheel, it must contain 14 
teeth, being the nearest number. 

Observe that intermediate wheels, of whatever number 
of teeth, whereby to communicate motion to another, at 
any distance apart, cause no variation in Telocity, other- 
wise than would take place were the first and last in im- 
mediate contact 

When a toothed wheel is caused to produce circular 
motion by the constant revolutions of a single^threaded 
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0crew, the number of reyolutions of the screw to one of 
the wheel equal the number of teeth in the wheel, and as 
the number of threads in the screw is increased, so is the 
velocity of the wheeL 

Promiscuous gleanings of rules, examples, and 
observations, for practical application of capacity, 
solidity, and density. 

(See Table of Approximations, p. 21, relatiye to the fol- 
lowing examples). 

1. A rectangular cistern is in length Sj feet, in width 
5^ feet, and in depth 4 feet; what is its capacity in cubic 
feet and also in imperial gallons ? 

8*5 X 5*25 X 4 = 178*5 cubic feet, and 
178-5 X 6-232 = 1112*412 gallons. 

2. A rectangular cistern 7^ feet in length, 4} feet in 

width, the depth is required, so that it may be capable of 

containing 520 gallons. 

, 520 
7-25 X 4-5 X 6-232 = 203-318, and gQgigfg = 2557 feet 

in depth. 

3. In a circular sinking in the earth of 4 feet 9 inches 
diameter, and 35 feet in depth, how many cubic yards ex- 
cayated in its formation ? 

4-75« X 35 X -02909 = 22-978 cubic yards. 

Suppose water to spring up in the above sinking until it 
attained a height of 16^ feet, how many gallons are therein 
contained, and how many gallons at each inch in depth ? 

4-75* X 16-5 X 4*896 = 1822*162 gallons the whole quan- 
tity, and 4-75 feet ^ 57 inches diameter. 
Ihen 57* X -002832 = 9*25 gallons at each inch in depth. 

4. A cylindrical cistern of sufficient capacity is to be 

formed so as to be capable of containing 12500 gallons, the 

depth to be 10 feet, required the diameter. 

^ 12500 , 

4-895 X 10 = 48*95 and --^^^ = V255*3 = 15*96 feet 

diameter 



S2 ^Avz-AjcEUEs OF m^ 

9. What diameter most I mav. 
SOincbet? -— ««* 4r depth beb^ intei^ 

& What mxjBt be the <ii«^ ^* ^ , 

72 Ibi. AToirdopoM ? ^^''*** ^ • l««den un to ,,,^ 

Nora^Th- ^K. ^ .^ "217 — *^1 ™cha diameter. 
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The diameter of a circle equal in area to 1 square unit 
is 1-1284, the circumference of which equal 8*545 in terms 
of the diameter. 

A square of equal area is bounded by 4. And a rectangle 
of equal area, but its length four times its width, equal 
5 in boundary line, inclosing only the same amount of 
areal space. 

Circles are in proportion as the squares of their diameters. 
Any circle twice the diameter of another, contains four 
times the area of the other ; hence, if the area of any circle 
is required to be divided into a given number of equal 
parts, or areas of the whole, square the circle's diameter, 
divide into the number of parts required, and the square 
root of each is the diameter of each, or as many as may be 
required in one area can be added into one sum, and the 
square root of that area equal the diameter. 

The areal unit of square measure being 1, the areal unit 
of a circle equal *7854, or half the circumference multiplied 
by half the diameter ; hence, the area of any circle is equal 
to the square of its diameter multiplied by *7854. 

11. The diameter of a circle equal the sum of the squares 
of the chord of its segment and versed sine, divided by the 
Tersed sine ; thus, suppose a segment whose chord is 18 
and versed sine 6. 

18* + 6* = 860 -^ 6 = 60 the diameter of the circle, of 
which it is a part. 

When the length of chord and diameter of circle is given, 
to find the versed sine or height of the segment :•— 

Bulb. — ^To the radius of circle add half the length of 
chord, multiply the sum by their difference, and the square 
root of the product subtracted firom the radius equal the 
versed sine. 

Suppose the chord of the segment is in a circle of 60 feet 
diameter, required the versed sine. 



80 + 18 = 48, and 80 — 18 =s 12, then 
48 X 12 = V^76 = 24, and 80 — 24 = 6, the versed sine. 
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YEBSED SINES* 



TahU of vened sines, ehords, and areas ef 
tnreular segments, the semi~cirele being unity, or 

2^ = -3927. 



2 "^ 


■*t • 






Height ofaef- 
ment InlOOtha, 

of the radius 
from 

dremnfisfenoflk 


Chord of 

Begment, the 

diameter of 

drde being 

unity, or 1. 


Ana of 

segment^ the 

areaof aemi- 

drcle being 

vnity, orL 


Areaof eadi 

100th of the aemi- 

ciicle on the 

radios from 

1 


•01 


•142 


•00042 


•00042 


-02 


•198 


•00125 


•00085 


•03 


•241 


•00234 


•00109 


•04 


•279 


•00364 


-00130 


•05 


•312 


•00512 


•00148 


•06 


•839 


•00677 


-00165 


•07 


•366 


•00857 


•00180 


•08 


•391 


•01050 


•00193 


•09 


•414 


•01254 


O0204 


•10 


•438 


•01468 


•00214 


•11 


•456 


•01690 


•00222 


•12 


•476 


•01922 


•00232 


•18 


•494 


•02163 


•00241 


•14 


•612 


•02413 


•00250 


•15 


•528 


•02672 


•00259 


•16 


•545 


•02940 


•00268 


•17 


•560 


•03216 


•00276 


•18 


•576 


•03500 


•00284 


•19 


•590 


•03791 


•00291 


•20 


•600 


•04088 


•00297 


•SI 


•614 


•04390 


•00302 


•22 


•627 


•04699 


•00309 


•23 


•639 


-05015 


•00316 


•24 


•650 


•05338 


•00323 


1 ^^ 


•662 


•05667 


-00329 



VERSED SINES. 
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Helgbt of seg- 
ment In lOOthBi 

of the radios 
fkx>ni 

drcumferenoe. 


Chord of 

fegmenty the 

diameter of 

circle being 

nnity, or L 


Area of 
■eguentf the 
area of semi- 
circle being 
nnity, or L 


Area of each 
100th of the semi- 
circle on the 
radios from 
drcomferenceL 


•26 


•673 


'06001 


•00343 


•27 


•684 


•06340 


•00339 


•28 


•696 


•06684 


•00344 


•29 


•705 


•07033 


•00349 


•30 


•716 


•07387 


•00354 


•81 


•725 


•07746 


.00359 


•32 


•734 


•08110 


•00364 


•33 


•743 


•084795 


•003695 


•34 


•752 


•08854 


•003745 


•35 


•760 


•09232 


•00378 


•36 


•769 


•09614 


•00382 


•87 


•778 


•10000 


•00386 


•38 


•787 


•10390 


•00390 


•39 


•794 


•10784 


•00394 


•40 


•800 


•11182 


•00398 


•41 


•807 


•11584 


•00402 


•42 


•815 


•11990 


•00406 


•43 


•823 


•12400 


•00410 


•44 


•828 


•12813 


•00413 


•45 


•836 


•13229 


•00416 


•46 


•842 


•13648 


•00419 


•47 


•849 


•14070 


•00422 


•48 


•855 


•14495 


•00425 


•49 


•861 


•14923 


•00428 


•50 


•865 


•15354 


•00431 


•51 


•872 


•15788 


•00433 


•52 


•878 


•16225 


•00437 


•53 


•883 


.16664 


•00439 


i ^54 
I -55 


•888 
•894 


•171065 


•004425 


•17552 


•004455 



H 
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YKBSBD 8INBS. 



Height ofsejr- 
ment In lOOtha, 

of the radlui 
from 

dxcninferanoe. 


Chord of 
segment, the 
diameter of 
didebdng 
unity, or L 


Area of 

segment, the 

area of semi- 

drdebdng 

unity, or 1. 


Area of each 

100th of the seml- 

drcleon tha 

radius from 

drcomfereiioa. 


•56 


•898 


•180005 


•004485 


•57 


.908 


•18451 


•004505 


•58 


•908 


•189045 


•004535 


•59 


•912 


•19360 


•004555 


•60 


•917 


•19817 


•00457 


•61 


•922 


•202755 


•004585 


•62 


•926 


•20736 


•004605 


•63 


•931 


•211995 


•004635 


•64 


•934 


•21665 


•004655 


•65 


•939 


•221325 


•004675 


•66 


•943 


•22602 


•004695 


•67 


•946 


•230735 


•004715 


•68 


•949 


•23547 


•00475 


•69 


•953 


•24022 


•00476 


•70 


•955 


•24498 


•00477 


'71 


•958 


•24975 


•00479 


•72 


•961 


•25455 


•00481 


•73 


•964 


X ^25935 


•00483 


•74 


•967 


; •26418 


•00484 


•75 


•970 


i -26902 


•00485 


•76 


•973 


•27387 


•00486 


•77 


•975 


•27873 


•00487 


•78 


•977 


•28360 


•00488 


•79 


•979 


•28848 


•00489 


•80 


•981 


•29337 


•004875 


•81 


•983 


•298275 


•004905 


•82 


•985 


•303198 


•004923 


•83 


•987 


•308130 


•004932 


•84 


•989 


•313066 


•004936 


< -85 


•991 


•318008 


•004942 



EXAMPLES or TEUSED 8INEB. 
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Height of seg- 
ment In lOOths, 
of the radios 
from 


Chord of 
segment, the 
diameter of 
drde being 
nnity, or L 


Area of 

segment, the 
area of semi- 
circle being 
nnity, or 1. 


Area of each 

100th of the semi- 

circle on the 

radios from 

drcomferenoe. 


•86 


•993 


•322953 


•004945 


•87 


•994 


•827902 


•004949 


•88 


•995 


•832858 


•004956 


•89 


•996 


•837817 


•004959 


•90 


•997 


•342780 


•0U4963 


•91 


•998 


•347754 


•004974 


•92 


•9982 


•352739 


•004985 


•93 


•9983 


•357729 


•004990 


•94 


•9984 


•362721 


•004992 


•95 


•9985 


•367715 


•004994 


•96 


-9986 


•372710 


•004995 


•97 


•9987 


•377706 


•004996 


•98 


•9988 


•382703 


•004997 


•99 


•9999 


•387701 


•004998 


1^00 


1-0000 


•392700 


•004999 



Ajpplication of the preceding Table to practical 

purposes. 

To find the area of the segment of a circle, the yersed 
sine and diameter of circle heing given. 

Rule. — Divide the versed sine hy the radios of the circle, 
the quotient is the versed sine in lOOths of unity ; multiply 
the corresponding tabular area of unity by the square of 
the circle's diameter, and the product is the area of the 
segment in terms of the diameter. 

Ex, The diameter of a circle equal 50 feet, required the 

area of a corresponding segment whose yersed sine equal 18* 

18 

r^ = '72, — In the first column and opposite to which in 

the third column is •25455, or area of unity; hence^ 
•25455 X 50* = 636*35 square feet, the area. 



88 EXA1IFLE8 OF TEBSED SINES. 

The diameter of a circle and area of a required corre- 
•ponding segmeDt being given, to fiod the height or vened 
sine of the segment requisite to be cat offl 

Rule. — Dinde the given area of the segment by the 
square of the circle's diameter, the quotient is the tabular 
area of unitj, opposite to which, under heights of segments, 
is the versed sine of unity ; multiply this versed sine by the 
radius of the circle, and the product is the versed sine of 
the required segment in terms of the diameter. 

Ex. Suppose the diameter of a circle equal 6 feet, and 
from which a segment containing 5 areal feet is required, 
what must be the height or vers^ sine of the segment ? 

^^='13888, the nearest tabular area, is -14070, and 

opposite to which is *47. Hence -47 X 3 = 1-41 feet the 
height, or versed sine required. 

To And the chord of a segment, the diameter of circle 
and versed sine of the segment being given. 

Rule. — Divide the versed sine by the radius of the 
circle, ; multiply the tabular length of chord (corresponding 
to the quotient) by the diameter of the circle, and the pro- 
duct is the chord of the segment in terms of the diameter. 

Ex. Suppose a circle whose diameter is 40 feet and rersed 
sine 10, required the length of chord. 

-^=: -50, opposite to which in the table (under chords of 

segments) is '865 ; hence, -865 X 40 = 34*6 feet, the length 
of chord. 

Combined Examples. 

1. Required the area of the segment of a circle whose 
length of dbiord equal 20 feet, and versed sine 4. 

^=10* + 4« =11?= 14*5 the radius, then 
2 8 

m ^ = -2758, tabular area for -27 = -0634, and opposite to 

•l4-6 
it in next column is -00339 X -0058 = -0019662 + -0634 
5= -0654 ; hence, 29 feet, or the diameter squared = 841, 
and -0654 X 841 = 55*0014 square feet the area of segment. 
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9. An iron cylindrical boiler 20 feet in length and 5} feet 
in diameter, weighing 2} tons, is to be made securely water 
tight, so that it may be floatied up a river of fresh water to 
its destination ; required the quantity of water that it will 
displace, and the depth of its greatest immersion on the 
radius. 

1 ton = 2240 lbs. X 2*76 = 6160 total weight in lbs.; 
And I cubic foot of firesh water = 62 5 lbs. ; hence 

f ^^ = 98*56 cubic feet of water displaced, 
62'5 *^ 

and ^8^56 _ ^.ggg areal feet of se«ment im- 

mersed ; 

Then £^28 _ .^g^^j tabular area, the nearest to which 
5*6 • 

is '16225 ; opposite to it in the first column, 
or heights of segments, is *52, and *52 X 2*75 
or radius = 1*43 feet, its greatest depth of 
immersion if the weights of each end be 
equal. 

JRulesfor Cireumferenees and Areas of Circles. 

For the sake of brevity, the following tables are not ex- 
tended beyond 40 inches, larger diameters not being fre- 
quently required in practice; and when any hurried answer 
is required, and not found in the tables, half its diameter, 
as in the following example, will generally expedite. 

Let the following be required relative to a 50-inch drde^ 
half of 50 = 25. 

As per Table. 

Circum. of 25 = 78-5398 X 2 = 1570796 oir. of 5a 
Square of 25 = 625 X 2 = 2500 square of 50. 

Cube of 25 = 1562X8 = 125000 cube of 50. 

Area of 25 = 490-8739 X 4= 1963-4956 area of 5a 

Sideof=8q.of 25 = 221557 X 2 =44-31Usideo£i=8q.of50 
and so of any other diameter, and doubling the diameter 
again if required. 
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TABLES OF aRCIJMFEKENGES AND ABEAS 

OP CIRCLES. 



I>U.ar 
Boot. 


Circum. 


Sqaam 


Cabe. 


Area. 


Side of 
« Sqnare. 


•h 


•1963 


•0039 


•00024 


•0030 


•0554 


i 


•3927 


•0156 


•00195 


•0122 


-1107 


A 


•5890 


•0351 


•00659 


•0276 


•1661 


i 


•7854 


•0625 


•01562 


•0490 


•2115 


W 


•9817 


•0976 


•03051 


•0767 


•2669 


i 


1-1781 


•1406 


•05273 


•1104 


•3223 


ft 


1-3744 


•1914 


•08374 


•1608 


•8771 


i 


1-5708 


•25 


•125 


•1963 


•4331 


^ 

A 


1-7671 


•3164 


•17797 


•2485 


•4995 


f 


1-9635 


•3906 


•24414 


•3068 


•5438 




21598 


•4726 


-3-2495 


•3712 


•6093 


i 


2-3562 


•5625 


•42187 


•4417 


-6646 


« 


2-5525 


•6601 


•53637 


•5185 


•7200 


* 


2-7489 


•7656 


•66992 


•6013 


•7754 




2-9452 


•8789 


•81397 


•6903 


•8308 


1 tn. 


3-1416 


1 


1 


•7854 


•8862 


iV 


3-3379 


1^1289 


1^19946 


•8861 


•9416 


4 


3-5343 


1-2656 


1*42381 


•9940 


•9969 




3-7306 


1-4101 


1*67456 


M075 


1-0524 


i 


3-9270 


1-5625 


1-95312 


1-2271 


1-0775 


•A 


4-1233 


1-7226 


2-26098 


1-3529 


1-1631 


t 


4-3197 


1-8906 


2-59960 


1-4848 


1-2185 


ft 


4-5160 


S-0664 


2-97045 


1-6229 


1-2740 


U 


4-7124 


2-25 


3-375 


1-7671 


1-3293 


ft 


4-9087 


2-4414 


3-81469 


r9l75 


1-3846 


1 


5-1051 


2-6406 


4-29101 


2-0739 


1-4401 


« 


5-3014 


2-8476 


4-80541 


2-2365 


1-4954 


f 


5-4978 


3-0625 


5-35937 


2-4052 


1-5508 


« 


5-6941 


3-2851 


5-95434 


2-5801 


1-6062 


* 


5-8905 


3-5156 


6-59179 


2-7611 


1*6616 


i* 


6-0868 


3-7539 


7-27319 


2-9483 


1-7170 



CIBCUMFBBENCES AND AREAS OF aBCLES. 91 



Dla. or 
Root. 


Clrcom. 


Sqoaro. 


Cnb& 


AniL 


Side of 
« square. 


ft in. 


6-2832 


4 


8 


3*1416 


1*7724 


fr 


6-4795 


4-2539 


8*7736 


3-3411 


1*8278 


» 


6-6759 


4-5156 


9*5957 


3-5465 


1*8831 1 
1*9385 


*# 

A 


6-8722 


4-7851 


10*4675 


3-7582 


i 


7-0686 


50625 


11-3906 


3-9760 


1*9939 


■ft 


7-2649 


5-3476 


12-3663 


4-2001 


2-0493 


* 


7-4613 


5-6406 


13-3964 


4-4302 


2-1047 


A 


7-6576 


5-9414 


14-4822 


4-6664 


2-1601 


>i 


7-8540 


6*25 


15*625 


4-9037 


2-2155 


A 


8-0503 


6*5664 


16-8265 


5-1573 


2-2709 


* 


8*2467 


6*8906 


18-0878 


5-4119 


2-3262 


ii 


8-4430 


7-2226 


19-4103 


5-6727 


2-3816 


* 


8-6394 


7-5625 


20-7968 


5-9395 


2-4370 




8-8357 


7-9101 


22-2472 


6-2126 


2-4924 


i 


90321 


8*2656 


23-7636 


6*4918 


2-5478 




9*2234 


8-6289 


25-3474 


6*7772 


2-603!2 


Sir. 


9*4248 


9 


27 


7*0686 


2-6586 


A 


9-6211 


9*3789 


28*7228 


7-3662 


2-7140 


* 


9*8175 


9-7656 


30*5175 


7-6699 


2-7694 


A 


10*0138 


10-1601 


32*3853 


7-9798 


2-8247 


i 


10-2102 


10-5625 


84*3281 


8-2957 


2*8801 


A 


10-4065 


10-9726 


36*3467 


8-6179 


2-9355 


t 


11*6029 


11-3906 


38*4433 


8-9462 


2-9909 


A 


11*7992 


11-8164 


40*6178 


9-2806 


3-0463 


Si 


10*9956 


12-25 


42*875 


9-6211 


3-1017 


A 


11*1919 


12-6914 


45-2031 


9-9678 


3-1570 


* 


11*3883 


13-1406 


47-6347 


10-3206 


3-2124 


H 


11*5846 


13-5976 


49-9461 


10-6796 


3-2678 


i 


11*7810 


140625 


52-7343 


11-0446 


3-3232 


« 


11-9773 


14-5351 


55-3930 


11-4159 


3-3786 


* 


12-1737 


15-1056 


58-1855 


11-7932 


3-4340 


» 


12-3700 


16*5039 


61-0256 


12*1768 


8-4984 



92 CIBCUMFERENCB8 AKD ABEA8 OF GIBCUB8. 



DIiLor 

Boot 


Circmn. 


• Sqaare. 


Cube. 


Aim. 


Bide of 
» square. 


4tfi. 


12*5664 


16 


64 


12*5664 


3-5448 


iV 


12-7627 


16-5039 


67-0471 


12*9622 


3*6002 


i 


12*9591 


17-0156 


70*1894 


13*8640 


3-6555 


A 


13-1554 


17-5351 


73-4282 


13*7721 


3*7110 


i 


13-3518 


18*0625 


76-7656 


14*1862 


3-7663 


* 


13-5481 


18*5976 


80-2021 


14*6066 


3*8217 


1 


13-7445 


19*1406 


83-7402 


15*0331 


3*8771 


A 


13-9408 


19-6914 


87*3804 


15*4657 


3*9325 


4J 


14-1372 


20-25 


91*125 


15-90«3 


3-9880 


A 


14-3335 


20*8164 


94*9748 


16-3492 


4*0433 


* 


14-5299 


21*3906 


98*9316 


16-8001 


4-0987 


U 


14-7262 


21-9726 


101*8965 


17*2573 


4-1541 


a. 


14-9226 


22-5625 


107*1718 


17-7205 


4-2095 


{» 


15-1189 


23-1601 


111*4679 


18-1900 


4*2648 


i 


15-3153 


23-7656 


115*8574 


18*6655 


4-3202 


« 


15-5716 


24-3789 


120*2708 


19*1472 


4-3756 


sin. 


15-7080 


25 


125 


19*6350 


4*4310 


•/t 


15'90-13 


25-6239 


129-7463 


201290 


4-4864 


i 


16-1007 


26*2656 


134-6113 


20*6290 


4*5417 


-h 


16-2970 


26-9101 


138*5961 


21*1252 


4*5971 


i 


16-4934 


27*6625 


144-7031 


21-6475 


4-6525 


•h 


16-6897 


28*2226 


149-9306 


22-1661 


4-7079 


i 


16-8861 


28*8906 


155-2871 


22-6907 


4-7633 


A 


170824 


29*5664 


160-7678 


23*2215 


4*8187 


6J 


17-2788 


30*25 


166-375 


23-7583 


4*8741 


lV 


17-4751 


30-9414 


172-1115 


24-3014 


4*9294 


1 


17-6715 


31*6406 


177-9785 


24-8505 


4*9848 


H 


17-8678 


32*3476 


183*9669 


25*4058 


5-0402 


$ 


180642 


33-0625 


190*1093 


25*9672 


5*0956 


« 


18-2605 


83*7851 


196*3759 


26*5348 


5*1510 


i 


18-4569 


34-5156 


202*7792 


27*1085 


5*2064 


H 


18*6532 


35-2539 


209*3130 


27*6884 


5*2618 



GIKCUMFERENCF.S AKD AREAS OV CIRCLES. 93 



Dia.or 
Boot 



'. etn. 

*» 
*• 

■ft 



a 



« 



J 



i 



7 tn. 



i 



A 



I 



7J 

A 



ii 



« 



f 



ii 



i 



Circum. 



18-8496 
190459 
19-2423 
19-4386 
19-6350 
19-8313 
200277 
20-2240 

20-4204 
20-6167 
20-8131 
210094 
21-2058 
21-4021 
21*5985 
21*7948 

21*9912 
22*1875 
22-3839 
22*5802 
22-7766 
22-9729 
23-1693 
23-3656 

23-5620 
23-7583 
23-9547 
24*1510 
24*3474 
24*5437 
24*7401 
24-9364 



Square. 



1 



36 

36-7539 
37-5156 
38-2851 
39-0625 
39-8476 
40-6406 
41-4414 

42-25 

43-0664 

43-8906 

44-7226 

45-5625 

46*4101 

47*2656 

48-1289 

49 

49*8789 
50*7656 
51-6601 
52-56-25 
53-4726 
54-3906 
55-3164 

56-25 

57-1914 

58-1406 

59-0976 

60-0625 

61*0351 

62-0156 

63-0039 



Cube. 



216 

222-8205 

229-7832 

236*8890 

244*1406 

249*2654 

259-0839 

266-7790 

274-625 

282-6232 

290-7753 

2990823 

307-5468 

816-1688 

324-9511 

833-8943 

343 

349-5702 

361-7040 

371-3070 

881-0781 

391-0184 

401-1308 

411*4158 

421*875 

432-5100 

443-3222 

454*3129 

465-4843 

476-8368 

488*3730 

5000935 



Area. 



28*2744 
28*8665 
29-4647 
30-0798 
30-6796 
31*2964 
81*9192 
32-5481 

33-1831 
33-8244 
34-4717 
35-1252 
35-7847 
36-4505 
37*1224 
37*8005 

38*4846 
39-1749 
39-8713 
40-5469 
41*2825 
41-9974 
42-7184 
43*4455 

44*1787 
44*9181 
45-6636 
46*4153 
47*1730 
47-9370 
48-7070 
49-4833 



Side of 
■• square. 



5*3172 
5*3726 
5*4280 
5-4834 
5*5388 
5*5942 
5-6495 
5-7049 

6-7603 
5-8157 
5-8711 
5-9265 
5-9819 
6*0373 
6-0927 
6-1480 

6*2034 
6-2588 
6-3142 
6-3096 
6-4350 
6-4904 
6-5358 
6*5912 

6-6465 
6*7020 
6*7573 
6*8127 
6-8681 
6-9235 
6-9789 
7*0343 



94 OIBCDMFEBENGBS AHD ABBAS OF CIBCLKBi 



DULor 
Boot 


drcmiL 


Sqnam 


Cnbeb 


A«c 


Side of * 
■■■qiiam 


8 in. 


25-1328 


64 


512 


50-2656 


7-0897 


iV 


25*3291 


65-0039 


524*1939 


51-0541 


7-1451 


i 


25-5255 


660156 


536*3769 


51-8486 


7-2005 


-A 


25-7218 


67-0351 


548-8499 


52-8994 


7-2559 


i 


25-9182 


68-0625 


561-5156 


53-4562 


7-3112 


A 


26-1145 


69*0976 


574-3739 


54-2748 


7-3666 


f 


26*3109 


70-1406 


587-4277 


55-0885 


7-4220 




26-5072 


711914 


600-6775 


55-9188 


7-4774 


«i 


26-7036 


72-25 


614-125 


56*7451 


7-5328 


■f. 


26-8999 


73-3164 


627-7717 


57-5887 


7-5882 


1 


27-0963 


74*3906 


641-6191 


58-4264 


7*6436 


w 

U 


27-2926 


76-4726 


655-6688 


59-7762 


7-6990 


} 


27-4890 


76-5625 


669-9218 


60-1821 


7-7544 


« 


27*6853 


77-6601 


684 3797 


60-9943 


7*8098 


i 


27-8817 


78-7656 


699-0449 


61-8625 


7-8651 


« 


28-0780 


79-8789 


713-9177 


62-7369 


7-9205 


9 in. 


28-2744 


81 


729 


63-6174 


7-9760 


iW 


28-4707 


82-1289 


744-2932 


64-5041 


8-0312 


* 


28-6671 


83-2656 


759-7988 


65-3968 


8-0866 


o 

A 


28-8634 


84-4101 


775-5378 


66-2957 


8-1420 


* 


29-0598 


85*5625 


791-4531 


67-2007 


8-1974 


•A 


29-2561 


86*7226 


807-8043 


68-1120 


8-2527 


i 


29-4525 


87-8906 


823*9746 


69-0293 


8-3081 


A 


29-6488 


89-0664 


840-5648 


69-9528 


8-36SS 


•i 


29-8452 


90*25 


857-375 


70-8823 


8-4190 


fl 

A 


30-0415 


91*4414 


874-3084 


71-8181 


8*4743 


f 


30-2379 


92*6406 


891-6660 


72-7599 


8*5297 


« 


30*4342 


93*8476 


909-1487 


73-7079 


8-5851 


\ 


30-6306 


95*0625 


926-8593 


74-6620 


8*6405 


« 


30-8269 


96*2851 


944-7976 


75-6223 


8-6959 


1 


31-0233 


97*5156 


962*9667 


76-5887 


8*7513 


tt 


31-2196 


98*7539 


981-3669 


77-5613 


8-8066 



CIRCUMFERENCES AKD ABBAS OF CIRCLES. 95 



DUl or 
Boot 



10 m. 



I 



II m. 



i 

13 m. 



13 m. 






C^nxn. 



31-4160 
31-8087 
32-2014 
32-5941 
32-9868 
33-3795 
33-7722 
34-1649 

34-5576 
34*9503 
35-3430 
35-7357 
36-1284 
36-5211 
36-9138 
37-3065 

37-6992 
380919 
38-4846 
38-8773 
39-2700 
39-6627 
40-0554 
40-4481 

40*8408 
41-2338 
41-6262 
420189 
42-4116 
42-8043 
43-1970 
435897 



Sqnan. 



100 

102-5156 

1050625 

1 07-6406 

110-25 

112-8906 

115-5625 

118-2656 

121 

123-7656 

126-5625 

129-3906 

182-25 

135-1406 

138-0625 

141-0156 

144 

147-0156 

150-0625 

153-1406 

156-25 

159-3906 

162-5625 

165*7656 

169 

172-2656 

175-5626 

178 8906 

182-25 

185-6406 

189-0625 

192-5156 



Cube. 



1000 

1037-970 

1076-890 

1116-771 

1157-625 

1199-462 

1242-296 

1286-138 

1331 

1376-892 

1423-828 

1471-818 

1520-875 

1571-009 

1622-234 

1674*560 

1728 

1782-564 
1838-265 
1895-115 
1953-125 
2012-306 
2072-671 
2134-233 

2197 

2260-986 

2326-203 

2392-661 

2460-375 

2529-353 

2599-609 

2671-154 



Axea. 



78-5400 
80-5157 
82-5160 
84-5409 
86-5903 
88*6643 
90-7627 
92-8858 

95-0334 
97-2053 
99-4021 
101-6234 
103-8691 
106-1394 
108-4342 
110-7536 

113-0976 
115-4660 
117-8590 
120*2766 
122-7187 
125-1854 
127-6765 
1301923 

132-7326 
135-2974 
137-8867 
140-5007 
143-1391 
145-8021 
148-4896 
151*2017 



Side of ' 
■isquam 



8*8620 
8-9728 
9-0836 
9-1943 
9-3051 
9-4159 
9-5267 
9-6375 

9*7482 
9-8590 
9-9698 
10-0806 
10-1914 
10*3021 
10*4130 
10-5237 

10*6345 
10*7453 
10*8560 
10-9668 
11*0776 
11*1884 
11*2991 
11*4099 

11-5206 
11-6314 
11*7422 
11*8530 
11-9637 
12-0745 
12-1853 
12-2961 



96 CmCUHFERENCES AND ARBAS OV CIBCLSS. 



Dia.or 
Boot, 



14 m. 



i 



i 






16 in. 



i 



17 m. 



i 
i 



Clrcam. 



43*9824 
44-3761 
44-7676 
45-1605 
45-5532 
45-9459 
46*3386 
46-7313 

47'1240 
47-5167 
47*9094 
48-3021 
48-6948 
490875 
49*4802 
49-8729 

50-2656 
50-6583 
51-0510 
51-4437 
51-8364 
52-2291 
52*6218 
530145 

53*4072 
53-7999 
54-1926 
54-5853 
54-9780 
55-8707 
55-7634 
56-1561 



Sqaara. 

196 

199-5156 

203-0625 

206-6406 

210-25 

213*8906 

217-5625 

221-2656 

225 

228-7656 

232-5625 

236*3906 

240*25 

244*1406 

248*0625 

252-0156 

256 

260-0156 

264-0625 

268-1406 

272-25 

276-3906 

280-5625 

284*7656 

289 

293-2656 

297*5625 

301*8906 

306-25 

310*6406 

315-0625 

319*5156 



Cubt. 



2744 

2818*157 
2893-640 
2970-458 
3048-625 
3.128-150 
3209*046 
3291*325 

3375 

3460079 

3546-578 

3633-505 

3723-875 

3814*696 

3906*984 

4000-747 

4096 

4192*751 

4291*015 

4390*802 

4492-125 

4594*993 

4699*421 

4805*419 

4913 

5022*173 

5132-953 

5245*349 

5359*375 

5475*040 

5592*359 

5711-341 



153-9384 
156-6995 
159*4852 
162*2956 
165-1303 
167*9896 
170-8735 
173-7820 

176-7150 
179-6726 
182-6545 
185*6612 
188-6923 
191-7480 
194*8282 
197*9330 

201*0624 
204-2162 
207-3946 
210*5976 
213-8251 
217*0772 
220-3537 
223*6549 

226*9806 
230*3308 
233-7055 
237-1049 
240-5287 
243*9771 
217*4500 
250-9475 



Side of 
■> square. 



12*4068 
12-5176 
12-6284 
12-7392 
12-8500 
12-9607 
13*0715 
13-1823 

13-2930 
13-4038 
13-5146 
13*6254 
13*7361 
13*8470 
13-9577 
140685 

14*1792 
14-2900 
14-4008 
14*5115 
14-6223 
14-7321 
14*8439 
14-9647 

15*0654 
15*1762 
15*2869 
15*3977 
15*5085 
15*6193 
15*7301 
16*8408 



I 



CIRGUMTERENCES AND AREAS OF CIBCLES. 97 



DULor 
Root. 



18 tn. 



i 



* 
i 



19 tn. 



i 
i 



i 



20 m. 



i 



i 



21 in. 

i; 

t 



Circmn* 



56-5488 
56-9415 
57-3342 
57-7269 
58-1196 
58-5123 
58-9056 
69-2977 

59-6904 
60-0831 
60-4758 
60-8685 
61-2612 
61-6539 
620466 
62-4893 

62-8320 
63-2247 
63-6174 

64-0101 
64-4028 
64-7955 
65-1882 
65-5809 

65-7936 
66-3663 
66-7590 
67-1517 
67-5444 
67-9371 
68-3298 
68-7225 



Square. 



324 

328-5156 

333-0625 

337-6406 

342-25 

346-8906 

351-6625 

366-2666 

861 

866-7656 

870-6625 

375-3906 

380-25 

385-1406 

3900625 

896-0156 

400 

4050156 

410-0626 

415-1406 

420-25 

426-3906 

430-5625 

486*7666 

441 

446-2656 

461-5625 

456-8906 

462-25 

467-6406 

473-0625 

478-6166 



Cuba 



5832 

5954-346 

6078-390 

6204-146 

6331-626 

6460-837 

6591-796 

6724-613 

6859 

6995-267 

7132-328 

7273-192 

7414-876 

7658-384 

7703-734 

7860-936 

8000 

8150-939 

8303-766 

8458-489 

8616-126 

8773-681 

8934-171 

9096-607 

9261 
9427-360 
9595-703 
9766036 
9938-375 
10112-72 
10289-11 
10467-62 



Area. 



254-4696 
258-0161 
261-6872 
266-1829 
268-8031 
272-4479 
276-1171 
279*8110 

288-5294 
287-2723 
291-0397 
294-8312 
298-6483 
302-4894 
306-3550 
310-2462 

814-1600 
318-0992 
322-0630 
3260514 
330-0643 
334-1018 
338-1637 
342-2503 

346<3614 
350-4970 
354-6671 
368 8419 
363-0611 
367-2849 
371-5432 
376-8261 



Side of 
■Square. 



15-9516 
16-0624 
16-1732 
16-2839 
16-3947 
16-5056 
16-6163 
16-7270 

16-8378 
16-9486 
17-0000 
17-1701 
17-2809 
173917 
17-5026 
17-6132 

17-7240 
17-8348 
17-9466 
180563 
18*1671 
18-2779 
183887 
18-4996 

18-6102 
18-7210 
18-8318 
18-9426 
190533 
19-1641 
19-2749 
193867 



96 GIRCUIIFEBEKOBS AKD ABEA8 OF CIRCLB8. 



DfaLor 
Root 



22 m. 

ii 

28 to. 

ii 

24 in. 

ii 

25 in. 

:; 



f 



dfCUIII. 



} 



691152 
69-6079 
69-9006 
70.2983 
70-6860 
71-0787 
71-4714 
71-8641 

72-2568 
726496 
73-0422 
73-4349 
73-8276 
74-2208 
74-6130 
760067 

75-3984 
76-7911 
761838 
76-6765 
76-9692 
77-3619 
77-7646 
78-1473 

78-5400 
78 9327 
79-3264 
79-7181 
80-1108 
80-5036 
80-8962 
812889 



SqiuMPeu 



484 

489-5156 

495 0625 

500*6406 

506-25 

511-8906 

517-5625 

528-2656 

529 

534-7656 

5406625 

546-3906 

552-25 

568-1406 

564-0625 

5700166 

576 

582-0156 

588-0625 

594-1406 

600-26 

606-3906 

612-6625 

618-7666 

625 

631-2656 

637-5626 

643-8906 

660-26 

666*6406 

663-0626 

669-6166 



Ciib«L 



10648 

1083053 

11016-14 

11201-83 

11390-62 

11581-52 

11774-54 

11969-70 

12167 

12366-45 

12668-07 

12771-88 

12977-87 

13185-98 

13396-48 

13609*12 

18824 

14041-126 

14260-515 

14482-177 

14706126 

14932-368 

16160-921 

16391-794 

15625 

15860-648 

16098-453 

16338*323 

16581-376 

16826-416 

17073-869 

17323-716 



Att^ 



380-1336 
384-4655 
388-8220 
393-2031 
397-6087 
402-0388 
406-4935 
410-9728 

415-4766 
420-0049 
424-6677 
429-1352 
433-7371 
438-3636 
4430146 
447-6992 

452-3904 
457-1150 
461-8642 
466-6380 
471-4363 
476-2592 
481-1065 
486-9785 

490-8750 
495-7960 
500-7416 
606-7117 
610-7063 
615-7256 
620-7692 
626-8376 



Side of 
■ aquara. 



19*4964 
19-6072 
19-7180 
19-8287 
19-9395 
20^)503 
20-1611 
20-2719 

20-8826 
20-4934 
20-6042 
20-7160 
20-8257 
20-9365 
21-0473 
21-1581 

21-2688 
21-3796 
21-4904 
21-6012 
21-7119 
21-8227 
21-9335 
22-0443 

22*1550 
22-2658 
22-3766 
22-4873 
22-6981 
22-7089 
22-8197 
22-9305 



dBCUMFEREMCES AND ASEAS OF CIRCLES. 99 



Dia.or 
Root 



26 ui. 

ii 

27 in. 

ii 

28 &. 
i 



drcniiL 



f 



i 
i 



29 m. 



81-6816 
82-0743 
82-4670 
82-8597 
83-2524 
83-6461 
840378 
84-4805 

84-8232 
85-2159 
85-6086 
86-0018 
86-3940 
86-7867 
87-1794 
87-6721 

87-9648 
88-8675 
88-7602 
89-1429 
89-6366 
89-9283 
90-3210 
90-7137 

91*1064 
91-4991 
91-8918 
92-2846 
92-6772 
93-0699 
93-4626 
93-8653 



Sqoan. 



676 

682-6156 

6890626 

695-6406 

702-26 

708-8906 

715-5625 

722-2666 

729 

736-7666 

742-5625 

749-3906 

756-26 

768-1406 

770-0626 

777-0166 

784 

791-0156 

798-0626 

805-1406 

812-26 

819-3906 

826-6626 

833-7656 

841 

848-2656 

866-6626 

862-8906 

870-26 

877-6406 

886-0625 

892*6156 



Cabe. 



17676 

17830-720 

18087-890 

18347-520 

18609-625 

18874-212 

19141-296 

19410-888 

19688 

19957-642 

20234-828 

20614-667 

20796-876 

21081-769 

21369-234 

21669-809 

21952 

22247-313 

22646-266 

22846-864 

23149*125 

23456-066 

23763-671 

24074-981 

24889 

24706-735 
25026-203 
25347-411 
26672-375 
26000-102 
26330-609 
26663*903 



530*9304 
536*0477 
541-1896 
546*3561 
561-5471 
556*7627 
562-0027 
667*2674 

672-6666 
677-8703 
583-2085 
588-6714 
593-9587 
599-3706 
604-8070 
610-2680 

615*7636 
621-2636 
626-7982 
632-3674 
637-9411 
643-6494 
649-1821 
664-8396 

660-5214 
666-2278 
671-9587 
677-7143 
683-4943 
689-2989 
696-1280 
700-9817 



Side of 
■ sqnaze. 



23-0412 
23-1520 

23 0628 
23-3736 
23-4843 
23-6951 
23-7088 
23-8166 

23-9274 
24-0382 
24*1490 
24-2598 
24-3706 
24-4813 

24 6921 
24*7029 

24-8136 
24-9244 
26-0361 
26-1459 
26-2567 
26-3676 
25-4783 
26-6891 

25-6998 
25-8106 
25-9214 
26-0326 
26-1429 
26-2637 
26-3645 
26-4788 



100 CIRCUMFEBEKCES AND ABEAS OF CIBGLXS. 



Dia.or 
Root 



30 in. 



i 

i 



i 



31 in, 

ii 

32 in. 



i 
i 



i 



33 in. 



} 



dream* 



94-2480 
94-6407 
95-0334 
95-4261 
95-8188 
96-2115 
96-6042 
96-9969 

97-3896 
97-7823 
98-1750 
98-5677 
98-9684 
99-3531 
99-7458 
100-1385 

00*5312 
00-9240 
01-8166 
01-7093 
021020 
02-4947 
02-8874 
03-2801 

03*6728 
04-0655 
04-4582 
04-8509 
05-2436 
05-6363 
06-0290 
06-4217 



Sqnarek 



900 

907-5156 

915-0625 

922-6406 

930-25 

937-8906 

945-5625 

953-2656 

961 

968-7656 
976*5625 
984-3906 
992-25 
1000-140 
1008062 
1016-015 

1024 

1032-015 

1040-062 

1048-840 

1056-25 

1064-390 

1072-562 

1080-765 

1089 

1097*265 

1105-562 

1113-890 

1122-25 

1130-640 

1139-062 

1147-515 



Cnbe. 



27000 

27338-907 

27680-640 

28025-208 

28372-625 

28722-899 

29076046 

29432-075 

29791 

30152-829 

30517-578 

30885-255 

31255-875 

31629-446 

32005-984 

32385-497 

32768 

33153-501 

33542015 

33956-314 

84328*125 

34725*743 

35026-421 

35530*169 

85937 

86354-928 

36759-944 

37256-088 

37595-375 

88017*784 

88448-352 

38872-088 



706-8600 
712-7627 
718-6900 
724-6419 
730*6183 
736-6193 
742-6447 
748-6948 

754-7694 
760-8685 
766-9921 
773*1404 
779-3131 
785*5104 
791*7322 
797*9786 

804*2496 
810-5450 
816*8650 
823-2096 
829-6787 
835-9724 
842-3905 
848-8333 

855-8006 
861*7924 
868*3087 
874-8497 
881-4151 
888-0051 
894-6196 
901*2587 



Side of 
"« square. 



26*5860 
26*6967 
26*8075 
26*9183 
27*0291 
27-1398 
27*2506 
27-3614 

27*4722 
27-5829 
27-6937 
27-8045 
27-9153 
28*0260 
28*1368 
28*2476 

28*3584 
28*4691 
28*5799 
28*6912 
28*8015 
28*9122 
29*0230 
29*1338 

S9-2446 

29*3553 
29*4661 
29*5769 
29-6877 
29*7985 
29*9092 
30-0200 



CIRCUMFERENCES AND AREAS OF CIRCLES. 101 



Dla. or 
Root. 



34 in. 



i 
i 



i 



35 in. 



J 



i 



36 in. 



} 



i 



L 



37 M. 

ii 



Cbcnin. 



06*8144 
07-2071 
07-5998 
07-9925 
08-3852 
08-7779 
09-1706 
09-5633 



09-9560 
0-3487 
0-7414 
M341 
1-5268 
1-9195 
2*3122 
2-7049 

3-0976 
3-4903 
3-8830 
4-2767 
4*6684 
5*0611 
5-4538 
5*8465 



6*2392 
6*6319 
7*0246 
7*4173 
7*8100 
8-2027 
8-5954 
8-9881 



Sqnam 



1156 

1164*515 

1173*062 

1181-640 

1190*25 

1198-890 

1207*562 

1216*265 

1225 

1233*765 

1242*562 

1251*390 

1260*25 

1269*140 

1278*062 

1287*015 

1296 

1308*015 

1314*062 

1323*140 

1332*25 

1341*390 

1350*562 

1359*765 

1369 

1378*265 

1387*562 

1396*890 

1406*25 

1415*640 

1425062 

1434*515 



CalMk 



39304 

39738*288 

40177*384 

40618*888 

41063*625 

41511*576 

41962*792 

42417*256 

42875 

43352*016 

43800*320 

44267*944 

44738*875 

45213*120 

45690*728 

46171*680 

46656 

47252*063 

47634*765 

48129*239 

48627-125 

49128*430 

49633*171 

50141*356 

50653 

51168*110 

51686*703 

52208*786 

52734*375 

53263*477 

53796*109 

54832*278 



907*9224 
914*6105 
921*3232 
928*0605 
934*8223 
941*6087 
948*4195 
955*2550 

962*1150 
968*9995 
975-9085 
982*8422 
989*8003 
996*7830 
1003*7902 
1010*8220 

1017*8784 
1024*9592 
1032*0646 
1039*1946 
1046*3941 
1053*5281 
1060*7317 
1067*9599 

1075*2126 
1082-4898 
1089-7915 
1097-1179 
1104*4687 
1111-8441 
1119*2440 
1126-6685 



Side of i 
» square. / 



80-1308 
30*2416 
30*3523 
30*4631 
30*5739 
30*6847 
30*7954 
30*9062 

31*0170 
31*1278 
31*2386 
31*3493 
31*4601 
31*5709 
31*6817 
31*7924 

31*9032 
32*0139 
32*1247 
32*2355 
32*3463 
32*4570 
32-5678 
32*6786 

32*7894 
32*9001 
33*0109 
33*0217 
33*2325 
33*3432 
33*4540 
33*5648 



102 dRGOlirKREirCES AND ABEA8 OF dBCLES. 



Dia.or 
Root 



88 til. 

ii 

39 m. 

40 M. 



CSraniL 



19-3808 
19-7735 
20-1663 
20-5589 
20*9516 
91-3443 
21-7370 
22-1297 

22-5224 
22-9151 
23*3078 
23-7005 
24-0932 
24-4859 
24-8786 
25-2713 
25-6640 



SqnanL 



1444 

1453-515 

1463-062 

1472-640 

1482-25 

1491-890 

1501*562 

1511-865 

1521 

1530-765 

1540-562 

1550-390 

1560-25 

1570-140 

1580-062 

1590-015 

1600 



54872 

55415*282 

55962-140 

56512-583 

57066-625 

57624-274 

58185-546 

58750-450 

59319 

59891-204 

60466*078 

61046*629 

61629-875 

62216-822 

62807-484 

63401-872 

64000 



1134-1176 
1141-5911 
1149-0892 
1156-6119 
1164-1591 
1171-7309 
1179-3271 
1186*9480 

1194-5934 
1202*2633 
1209-9577 
1217-6768 
1225-4203 
1233-1884 
1240-9810 
1248-7982 
12.^6-6400 



Bide of 
^squam 



33-6756 
33*7863 
33-8971 
34-0079 
34*1187 
34-2294 
34*3402 
34*4510 

34-5618 
34*6725 
34-7833 
34-8941 
35*0049 
35-1156 
35*2264 
35*3372 
35*4480 



The Lineal^ Square,, and Cubic Foot of different Couairieit 

given in British inches. 



CoantriMi 



Lineal Foot 



Square Foot 



CnbloFoot 



[ 



Anstria ., 

Belgium 

China 

Germany , 

Holland 

Italy 

Portugal 

Rome 

Russia 

Spain 

Sweden 



12*45 
11-24 
12-58 
11*28 
11-16 
12-72 
12*94 
1219 
11-72 
13*75 
11-12 
11-68 



155-002 
126-337 
158*256 
127-238 
124*645 
161-798 
167-444 
148-696 
137-358 
189-062 
123-654 
136-422 



1929-781 
1420*036 
1990*865 
1436-249 
1389*929 
2058-076 
2166-720 
1811*386 
1609*840 
2599-609 
1376-087 
1593414 



NoTB. — The Britlah lineal foot isnaedgenerallr throughout Amaiiaik 
tte Bxltiah Wcit Indiaa, and Aoatnlia. 



103 



Table of Commission or Discount, 




104 



WEIGHTS AND NUMBESS. 



^ 



I 
e 









1m 


•d^o'^iH 


f^f*f^e% 


cTmSTm 


00 00 CO ^ 


«:*- 




•d«ocoe»o 

riOOOf-4 


COCOOkO 

*HfHi>4eO 


cecooo 
e«e«9«ee 


cocooo 

00 OOOO* 


ACOAO 

^**iO 


Per 

score, 
or 20. 


.^HOOOOOO 
^OOf^f^ 


fH«e>^* 
e«e«e«eo 


oe«t*o« 

eo**io 


•OOOO 00 
MO iQ CO CO 


•HCO-«'« 


Per hand, 
or ICO. 


dMO««0^ 

■ a«*«Doo 
9(|oooo 


10 6 
13 6 
14 7 
16 6 


AO-MO 

— ft 

oDoe«« 

•"4 


i^eoeo* 

»«A^e« 


•O At«00 








Per hnnd. 
or 120. 


£ i. d. 
3 6 
6 
7 6 
10 


13 6 
16 
17 6 
10 


13 6 

16 

17 6 
1 10 6 


1 13 6 
1 15 
1 17 6 
3 


3 3 6 
3 6 
3 7 6 
8 10 • 


Per 

grow, 
or 144. 


• eOCOAM 

tt)oooo 


ioao>H* 

OOf-4*-l 


t»o«oco 


oc^ieao 


f^*»«0 

A Ae«A 




£ 8. d. 
I 10 

3 18 
8 3 6 

4 8 4 


6 4 3 

6 6 

7 6 10 

8 6 8 


9 7 6 

10 8 4 

11 9 3 
13 10 


13 10 10 

14 11 8 

15 13 6 

16 18 4 


17 14 3 

18 16 

19 16 10 
30 16 8 




£ s. d. 

3 6 8 

4 18 4 
7 
9 6 8 


11 13 4 
14 

17 6 8 

18 IS 4 


81 
33 6 8 
26 18 4 
26 


80 6 8 
83 13 4 

86 

87 6 8 


89 13 4 

43 

44 6 8 
46 18 4 


Is 


£ s. d. 
3 4 
4 8 
7 
9 4 


11 8 
14 
16 4 
18 6 


0*000 

i^eoiQoo 


1 10 4 
1 12 8 
1 16 
1 17 4 


1 19 8 
3 3 
3 4 4 
8 6 8 


Per 
quarter, 
or 281bs. 


£ a. d. 
7 
1 3 
19 
3 4 


3 11 
8 6 
4 1 
4 8 


6 8 
6 10 
6 5 
7 


>«e<a»* 

(•OOOO A 
OOOO 


9 11 
10 6 
11 1 
11 8 




^«o*<.peo 
•'ooo — 


•OAO* 


«««^e<ico 

ece^eoee 


•4H .4H 

A'M*ao 

A*** 


*i«iO« 


•qijed 


•d^?^^ 


t^rHpHM 


■ «> «W Wt 

e«e<ie«eo 


A AOO* 


***« 



OF EQUIVALENT YALUEB. 105 



OOOrH ^4 p« ^^ 



lOiQiQO «D<o«o>* t*e«i«>ao ooooaoA o»c»o»o oooih i-4p«^e« 
MOC»o co«oe»o eo«oe»s ce«oe»o cecDAO eoooo m«c»o 

■OiOiO« «D<D«Dt« fe*l»t«aO OOeOOOA AAAO 000-* ^^r^e« 



»Mt«0 lOOMOO r-l«rH^ AMt^O M» O M 00 *H W •^ ^ 0» M »• O 

•OAAO ooi^iH e«9«e«eo eo^^io toiototo ««r«r«ao eoo»AO 

•I iHiH — iH f-ltHiHiH iHrH^iH rH iH iH r-l tH *-l iH iH f-l r^ ^ M 



0»0^0 ^MM^ ift<O»»a0 OkO^O *HQ«M^ iO<Ot«00 Ok O -^ O 

eoMsr^o e«<4*eao oe«^« oooe^io r«a»MM iot*o»i-H coioi^o 
e«ete«n ete^Mci coMeoeo eeeooooo coee^^ ^'4<^^ ^^^lo 



wocoo «DO«oo «DO<eo <oe<DO <do<do «do<so eo«oe 

e«M3t«o M>ot*o ciiot^o e«iOfe*o e«uai«o Mot^o mw3»«o 

f^r^r^ 1-1 rl fH pM ^ rH ih iH pH pH rH pH p1 

e«e<e«eo cQweoeo comco^ ^^^^ «^«4<m» m»m3iow» MSiotoo 

•otOAM toooiH^ t»oee<0 e»e«iooo »-i^i^o co«dc»9« ioooiH'^' 

"- IH pH iH iH n i-l ^ rH f-l »H iH IH 

cecoeoeo coeo^^ ^^^^ ^io>oo iooio<o <o<9co<o «otot«t« 

«D^e«o ceo«o^ mooao <o^e«o oao«e^ evoooo to^no 



t«aoa»o 

»-mHPH 


OrHMM 


^IOIO<0 


t«aooo 

r1 


IH Pi pip4 


Pi Pi PI pH 


JhSS* 




S^g^S^ 


Of-te«eo 

00 CO 09 eo 


maeeeeo 


sss$;;s 


^^^^ 


$^$s 


ooo-<«>o 


ao^ooo 


•41000 i«l 


ooo^o 


oo^ooo 


^OOO-^ 


OOO^O 


o«9eoo 

ft 


1-4 


eeoweo 


o«Deoo 

Pi 


cDceoto 


eoo<om 


o«Deoo 

Pi 


^lOM3 to 


ssss 


ooo^oo 


e>t«oo3 
o^ooo 


Soo aS 


pi Pi 


W9l^ AM 

OO Opi 
_»Hp1 pIiH 

O'^OOO 


o-^ooo 


^ooo^ 


^OOOi* 


00O-<«<00 




eooeeio 


b-OM-4* 


t- AiH« 

Pi Pi 


<D00-^e9 

Pi Pi 


iOOOOM 

IH iH 


iot*Ae« 


e«Me«e« 


MMOOM 


eSMMM 


•0M^« 


"♦^•^^ 


•«<«"*iOiO 


I0i0i0i« 


eeoioo 


»»e« Aio 


iHWiHOO 


MOIAO 


t*M«^ 


f-'tOpiOO 


•90IOO 

Pi 
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2 Wifrks im Engiueerimg, Suroeyiug, 6*r. 
BN6INEERIN6, SURVBYING, Etc. 

The Water-Supply of Cities A Towns. 

By William Humbex, A.-M.Iiist.CE. With Fifty 
DmiUe Plates, upvaids of 250 Woodcuts, and con- 
taining 400 pp. of Text. In^ 4to^ ;£6 6s. half- 
morocco* 

Iron Bridge Construction : 

A CompUU and Practical Treatise, By William 
HuMBBR, A.-M.Ittst.C.E. Third Edition, with xic 
Doable Plates. Two Vols., imp. 4to, £6 \6s. 6d. 
half-morocco. 

Number's Modern Engineering 

(A Record of the Progress of). Comprising CiTil, 
Mechanical, Marine, Hydraulic, Railway, bridge, 
and other Engineering Works. By Wm. Humbbk, 
A.-M.InBt.C.E. First SsRiBS.with Thirty-six Double 
Plates^ drawn to scale, and descriptive Letterpress, 
Specifications, &c Imp. 410, £-i 3«. half-morocco. 

Number's Modern Engineering. 

Srcond^ Sbries. with Thirty-six Double Plates, and 
descriptive Letterpress, Specifications, &c. Imp. 4to, 
£2 31. half-morocco. 

Number's Modern Engineering. 

Third Sbribs, with Forty Double Plates, and de- 
scriptive Letterpress, Specifications, &c. Imp^ 4to, 
£3 31. half-morocco. 

Number's Modern Engineering. 

Fourth Sbribs. with Thirty-six Double Plates, and 
descriptive Letterpress, Specifications, &c. Imp. 4to, 
£3 31. half-morocco. 

Strains in Girders 

and Similar Structures, and their Strength (A 
Handy Book for the Calculation of). By William 
Humbbr, A.-M.Inst.C.E. Third Edition, with 
nearly too Woodcuts. Crown 8vo, ^s. 6d. cloth. 
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Published by Crosby Lockwood 6* Co. 3 

Graphic and Analytic Statics 

in Theory and Comparison : Their Practical Appli- 
cation to the Treatment of Stresses in Roofs, Girders, 
Bridges, Arches, Piers, and other Frameworks. By 
R. H. Graham, C.E. With numerous Plates and 
Diagrams. 8vo, 16s. doth. [_yust published. 

Graphic Table 

for Facilitating the Commutation of the Weights of 
Wrought Iron and Steel Girders ^ &'c., for Parliamen- 
tary and other Estimates. By J. H. Watson Buck, 
M.Inst. C.E., &c. On a large Sheet, 2f. 6d. 

Strains on Structures of Ironwork; 

with Practical Remarks on Iron Construction. By 
F. W. Shbilds, M.InstCE. 8vo, 5s. cloth. 

Strength of Materials (The). 

By Pbtbr Barlow, F.R.S. New Edition, Revised 
by P. W. and W. H. Barlow, F.R.S. Edited by 
W. HuMBBR. With Nineteen Plates and numerous 
Woodcuts. 8vo, iBs. cloth. 

Strength of Cast Iron & other Metals. 

By Thomas Trbdgold, C.E. Fifth Edition. With 
Experimental Researches on the Strength of Cast 
Iron, by E. Hodgkinson, F.R.S. 8vo, 12s. cloth. 
%* Hodgkinson's Rbsbarchbs, separate, 6s. 

Lathe Work : 

A Practical Treatise on the Tools, Appliances^ and 
Processes employed in the Art of Turning. By 
Paul N. Hasluck. Second Edition, Enlarged. 
Crown 8vo, 5^. cloth. 

Boiler Construction: 

The Mechanical Engineer's Office Booh. By Nelson 
FoLBY. With 29 full-page Lithographic Diagrams. 
Folio, 3zf . half-bound. 

Mechanical Engineering. 

Comprising Metallurgy. Moulding^ Castings Forg- 
ingt Tools, Workshop Machinery, Manufacture of 
the Steam Engine, dfc. By F. Campin, CE. 
zamo, 3*. 
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I 4 Works in Engineering', Surveying, b*c. 

Hydraulio Tables, 

Co-Efficients t and Formulet for Jindi$^ the Dif 
charge of Water front Orifices^ Notches^ Weirs ^ 
Pipes^ and Rivers, 6f*c. Bjr John Neville, C.E., 
M.R.I.A. Third Edit., Revised. Cr.Svo, 14^. cloth. 

River Bare : 

A n Account of their Formation and their Successful 
Removal by the Method of Induced Tidal Scour. 
By I. J. Mann, C.E. Royal 8vo, 7^. dd. cloth. 

Hydraulio Manual, 

Consisting of Working Tables and Explanatory 
Text, intended as a Guide in Hydraulic Calculations 
and Field Operations. By Lewis D'A. Jackson. 
Fourth Edition, Re-written and Enlarged. Large 
crown 8vo, i6f . cloth. 

Leuelling 

( The Principles and Practice of). With Telford's 
Rules. By F. W. Simms, M.Inst.C.E. Sixth Edition, 
with Law's Practical Examples for Setting-out Rail- 
way Curves, and Trautwinb*s Field Practice of 
Laying-out Circular Curves. With Plates. 8vo, 
8x. 6d. cloth. Tkautwinb on Curves, separate, 5^. 

Practical Tunnelling. 

By Frederick W. Simms, M.Inst.C.E. Third 
Edition, Revised and Extended by D. Kinnkar 
Clark, M.Inst.C.E. With 21 Folding Plates 
and many Wood Engravings. Imp. 8vo, 30;. cloth. 

Steam, and the Steam Engine. 

Being an extension of Mr. John Sewell's Treatise 
on Steam. By D- Kinnear Clark, M.Inst.C.£. 
Second Edition, revised. X2mo, as. cloth. 

Common Sense for 6as Users : 

A Catechism 0/ Gas-Lighting. By Robert Wilson, 
C.E. Second Edition. Crown 8vo, sf . 6d. sewed. 

Earthwork Tables. 

By Joseph Broadbbnt. C.E., and Francis Cam- 
piN, C.E. Crown 8vo, oblong, $s. cloth. 
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Bridge and Viaduct Construction, 

Masonry, Timber, and Iron ; consisting of Forty-six 
Plates from the Contract Drawings or Admeasure- 
ment of Select Works. By W. Davis Haskoll, 
C.E. Second Edition, with the addition of 554 
Estimates, &c. Imp. 4to, £^ Z2f. 6d, half-morocco. 

Tramways : 

Their Construction and Working, By D. K. 
Clark, M.l.C.E. With over aoo Woodcuts, and 13 
Folding Plates. 2 vols., large crown 8vo, 30;. cloth. 

Pioneer Engineering : . 

The Engineering Operations connected with the 
settlement of Waste Lands in New Countries. By 
£. DoBSON, A.-M.Iust.C.E. Revised. z2mo, 5^. cl. 

Steam and Machinery HHanagement : 

A Guide to the Arrangement^ and Economical 
Management 0/ Machinery : with Hints on Con- 
struction and Selection. By M. Powis Bale,M Inst. 
M. E. z2mo, 3J. cloth. \7ust published, 

Text'Boo/i on the Steam Engine. 

By T. M. GooDBVK, M.A. Fifth Edition. Cr. 8vo, 6s. 

The Safe Use of Steam. 

Containing Rules ybr l/nprq/gssional Steam Users, 
By an Engineer. Fitth Edition. 6d. sewed. 

The Smithy and Forge ; 

Including the Farrier's Art and Coach Smithing. 
By W.J. E. Crane. Illustrated, x2mo, 3^. cloth. 

The Application of Iron 

to the Construction of Bridges ^ Girders^ Roofs, and 
other Works. By Francis Cam pin, C.£. 31. cloth. 

Iron and Heat 

By James Armour, C.E. z2mo, 3X. cloth. 

Land and Engineering Surveying. 

By T. Baker, C.E. New Edition, by Edward 
Nugent, C.E. Plates. z2mo, v. 6d, cloth boards. 
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6 IVoris in EngineeriMg, Surv^ng, &*c. 

The Construction of Gas Works, 

and the Manufacture and Distribution of Coal Gas. 
Ori|;iiiaUy written by Samuel Hughes, C*E. Sixth 
Edition, Rewritten and Enlarged by William 
Richards, C.E. With 73 Woodcuts, zamo, 5X. cloth. 

Waterworks for the Supply of Cities 

and Towns. By Samuel Hughes, C.E. New 
Edition. lamo, \s. 6d. cloth. 

LoQomotiue-Engine Driving : 

A Practical Manual Jor Engineers in cAarge of 
Locomotive-Engines. By Michael Reynolds. 
Sixth Edition. Including A Key to the Loco- 
motive>£nginb. Crown 8vo, 4^. 6d. cloth. 

The Model Locomotive Engineer, 

Fireman and Engine- Boy. By Michael Reynolds. 
With Illustrations. Crown 8vo, 4«. dd doth. 

Stationary-Engine Driving : 



A Practical Manual for Engineers in charge of 
Stationary Engines. By Michael Reynolds. 
Second Edition, Revised and Enlarged. With 



Stationary Engines. By Michael Reynolds. 
Second Edition, Revised and Enlarged. \^ 
Plates and Woodcuts. Crown 8vo, 4r. 6d, cloth. 

Engine-Driving Life; 

or^ Stirring Adventures and Incidents in the Lives 
of Locomotive-Engine Drivers. By Michael 
Reynolds. 8th Thousand. Crown 8vo, m. cloth. 

Continuous Railway Brakes: 

A Treatise on the severeU Systems in Use in the 
United Kingdom ; their Construction andPerfomt" 
ance. With copious lUusts. and numerous Tables. 
By Michael Reynolds. Crown 8vo, 9^. cloth. 

Engineman 's Companion : 

A Practical Handbook^ arranged in compact form 

for Ready Reference. By Michael Reynolds. 

Crown 8vo. \Jn preparation. 

Fires, Fire-Engines, andFireBrigades, 

By Charles F. T. Young, C.E. 8vo, £1 45. cloth. 
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Oblique Arches 

{A Practical Treatise on the Construction of). By 
John Hart. Third Edition, with Plates. Imp. 
8vo, 8f. cloth. 

Oblique Bridges : 

(A Practical and Theoretical Essay). By the late 
Gbo. Watson Buck, M Inst.C.£. Third Edition, 
Revised by his Son, J.H.WatsonBuck,M. Inst.C.£., 
and with the Addition of Description to Diagrams 
for Facilitating the Construction of Oblique Bridges. 
By W. H. Barlow, M.Inst.C.E. With Thirteen 
Plates. Royal 8vo, \^s. cloth. 

Large Tunnel Shafts 

{A Practical and Theoretical Essay on the Construe' 
tionoj). By J. H. Watson Buck, M.Inst.C.E., 
Resident Enmneer, Lon. & N. W. Ry. With Fold- 
ing Plates. Royal 8vo, X2f. cloth. 

Trigonometrical Surveying : 

An Outline of the Method of Conducting a Trigono- 
metrical Survey y for the Formation ofGeograpiical 
and Topographical Maps and Plans, Military Re- 
connaissancct Levellif^, &'c., &*€. By Lieut.-Gen. 
Fromb, R.E., late Inspector-General of Fortifica- 
tions. Fourth Edition, Enlarged and partly Re- 
written, by Captain Charles Warren, R.E. With 
Nineteen Plates and 1x5 Woodcuts. Royal 8vo, \6s. 
cloth. 

Tangential Angles and Multiples 

for Setting out Curves (Tables of), from 5 to aoo 
Radius. By Alsxandbr Beazblby, M.Inst.C.E. 
Third Edition. Printed on Forty-eight Cards, and 
sold in a cloth box. Waistcoat pocket size, 3«. 6d, 



The Elements of Practical Mechanism 

and Machine Tools. By T. Baker, C.E. With Re- 
marks on Tools and Machinery, by J. Nasmyth, 
C.E. Plates, xamo, 3^. cloth boards. 
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8 IVorks in Engin^ring, Sutveyingt &€, 

Aid to Survey Practice, 

For Reference in Surveyings Levelling, Setting-imi, 
and in Route Surveys of Traveller* by Land and 
Sea. With Tables, Illustrations, and Records. By 
Lowis D'A. Jackson, A.-M.Ittst.CE. 8vo, w. 6d, 
cloth. 

Engineering Fieldworl<, 

Applied to Land and Hydraulic, Hydrographic, 
and Submarine Surveying and Levelliftg. Second 
Edition, Revised, with Additions, and a Supplement 
on Waterworks, Sewers, Sewage, and Irrigation. 
By W. Davis Haskoll, C£. Folding Plates. 
Demy 8vo, £\ y. cloth. 

Sanitary Wortt 

in the smaller Tonms and in Villages, By Chas. 
Slagg, A.-M.[nst.C.E. Second Edition, Revised 
and Enlarged. 3^. 6d. cloth boards. MJust published, 

Ciuil Engineering. 

By Henky Law, M.Inst C.E. Including a Treatise 
on Hydraulic Engineering by Geo. R. Burnell, 
M.Inst.C.E. Seventh Edition, Revised, with Lahgb 
Additions on Recent Practice in Civil En- 
gineering, by D. Kinnear Clark, M.InscC.E., 
Author of ** Tramways: Their Construction,'* &c 
zamo, 71. 6d. cloth* 

Locomotive Engines. 

By G. D. Dempsev, C.E. With large Additions, 
treating of the Modem Locomotive. By D. Kinnear 
Clark, M.In8t.C.E. zsmo, 3X. 6d, cloth. 

Fuel: 

Its Combustion and Economy, By C. Wye Wil- 
liams, A.Inst.C.E. With extensive Additions on 
Recent Practice in the Combustion and Economy of 
Fuel— Coal, Coke, Wood, Peat, Petroleum, ftc, by 
D. Kinnear Clark, M.Inst.C.£. Second Edition, 
Revised, zamo, 4f. cloth. 

% % 



Published by Crosby Lockwood 6* Co, 9 

Roads and Streets 

{The Construction of). By Henry LAW.M.Inst.C.E. 
Revised and Condensed, including Pavements of 
Stone, Wood, and Asphalte. By D. Kinnear 
Clark, M.Inst.CE. i2mo, 5^. cloth. 

Haskoll's Field-Booh : 

The Engineer* s^ Mining Surveyor's and Contractor's 
Field' book. By W. Davis Haskoll, C.£. Fourth 
Edition, Enlarged. With numerous Woodcuts. Crown 
8vo, ^^s. cloth. 

Manual of Earthwork. 

By Alex. Graham, C.£. With numerous Diagrams. 
i8mo, 3«. 6d. cloth. 

Manual of Engineering Drawing. 

By J. Maxton, Engineer. Fifth Edition, Revised. 
Upwards of 300 Plates and Diagrams. z2mo, 41. cloth. 

Dictionary of Terms 

used in Architecture, Building, Engineering, Min- 
ing, Metallurgy, Archceology, the Fine Arts, &»c. 
By John Weals. Fifth Edition, Revised by 
Robert Hunt, F.R.S. zamo, 6s. cloth. 

Brass Founder's Manual : 

Instructions for Modelling, Pattern-Making, Mould- 
ing, Turning, Filing, Burnishing, Bronzing, &*c. 
With copious Receipts, numerous Tables, and 
Notes on prime Costs and Estimates. By Walter 
Graham, zamo, m. 6d. cloth boards. 

Sewing Machinery : 

A Practical Manual of the Sewing Machine. By 
J. W. Urquhart. zamo, 2s. 6d. cloth boards. 

The Details of Machinery. 

Contusing Instructions for the execution of various 
Works in Iron, in the Fitting-Shop, Foundry, and 
Boiler -Yard. Arranged expressly for the Use of 
liraughtsmen. Students, and Foremen Engineers. 
By F. Campin, C.E. jx. 6d. cloth. 
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lo IVoris im Miuimg, Metallurgy^ 6v. 
MINING, METALLURGY, Etc. 

British Mining: 

A Treatise om the History, Discevety, Practical 
Development, and Future Prospects ofmetaUiftrous 
Mines in the United Kingdom By Robkkt Hunt, 
F.R.S.. &c. Over 950 pp., with 330 lUnstiations. 
Super-royal 8vo, £,-^ y. cloth. \yust published. 

The Coal and Iron Industries 

of the United Kingdom. By Richakd M kadb. 
Assistant Keeper of Mining Records. 8vo, aSr. doth. 

Metalliferous Minerals and Mining. 

By D. C. Davies, F.G.S. Second Edition, Revised. 
Crown 8vo, zu. 6d. doth. 

Earthy and other Minerals and 

Mining. By D. C. Davies, F.G.S. [/« the press. 

Slate and Slate Quarrying: 

Scientist Practical, and ComnterciaL By D. C 
Davies, F.G.S. Second Edition, zamo, yt.td. doth. 

Metallurgy of Iron. 

By H. Bauerman, F.G.S. Fifth Edition, Revised 
and enlarged. lamo, 51. 6d. doth. 

Manual of Mining Tools. 

By W. Morgans. Text, xsmo, 3*. Atlas of Plates, 
4to, 6s. ; together, 9;. cloth. 

Mineral Surveyor and Valuer's Guide 

By William Lintern. lamo, 4/. doth. 

Coal and Coal Mining. 

By Warington W. Smyth, M.A., F.R.S., &c., 
Cnief Inspector of the Mines of the Crown. Fifth 
Edition, Revised and Corrected, lamo, 4s. doth. 

Mine Drainage: 

A Complete and Practical Treatise on Direct-Act- 
ing Underground Steam Pumping Machinery tor 
Collieries and Mines. By Stephen Michbll. With 
Plates and Wood Engravings. 8vo, i5r. doth. 



NAVAL ARCHITECTURE, NAVI- 
GATION, Etc. 

Naval Architect's and Shipbuilder's 

Pocket-Book of Formiday RuleSt and Tables^ and 
Marine Engineer's and Surveyor's Handy-Book of 
Reference. By Clbmbnt Mackrow, M.Iiist.N.A^ 
Second Edition, Revised. Fcap. 8vo, xm. dd, bound 
in leather. 

Iron Ship-Building. 

With Practical Examples and Details, By John 
Grantham, M.Inst.C.E. Fifth Edition, Imp. 4to, 
boards, enlarged from Twenty-four to Forty Plates, 
together with separate Text, also enlarged, xsmo, 
cloth limp, price £^ 2S. complete. 

Marine Engineer's Pocket Book 

of Useful Tables and Formula. By Frank Proctor, 
A.Inst.N.A. Third Edition. Royal 3amo^ 4^. 
leather, with elastic band. 

European Light-House Systems : 

Being- a Report of a Tour of Inspection made in 
X873. By Major Gborgb H. Elliot, Corps of 
Engineers, U.S.A. Illustrated by 51 Engravings 
and 3Z Woodcuts in the Text. 8vo, 3ZJ. cloth. 

Land and Marine Surveying, 

in Reference to the Preparation of Plans for Roads 
and Railways, Canals, Rizfers, Towns' IVater SuP' 
plies. Docks and Harbours, b^c. By W, Davis 
liASKOLL, C.E. Plates. 8vo, zzr. &/. cloth. 

Storms : 

Their Nature, Classification, and Laws, with the 
Means of Predicting them. By Wm. Blasius. 
Crown 8vo, \os. 6d. cloth. 
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13 IVifris in Naval Architecture, b'c. 

The Sailor's 8ea-Book : 

A Rudim^ntaty Treatise oh NoKiguHon. By Jambs 
Greenwood, B.A. New and Enurged Edition, by 
W. H. Rosses, xzmo, 3«. doch boards. 

Mathematical Tables: 

With a Treatist oh Logarithms. By H. Law, C.E.; 
together with Tables for Navigation and Nautical 
Atktronomy, by Professor J. R. Young. i2mo, 4^. 

Practioal Navigation : 

Consisting of the Sailor's Sea-Book, by J. Green- 
wood and W. H. Rosser; together with Mathe- 
matical and Nautical Tables for working the 
Problems, by H. Law, C.E., and Professor J. R. 
Young, xamo, 7«. half-bound. 
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WEALE'SRUDIMENTARYSERIES 

The following books in Naval Architecture, &»c., 
are puolished in the above Series : — 

Navigation & Nautical Astronomy. 

By ^of. J. R. Young. New Edition, ax. 6d. cloth. 

Masting, Mast-Making, and Rigging 

of Ships. By Robert Kipping, N.A. Fifteenth 
Edition, zamo, ax. td. doth. 

Sails and Sail Making. 

Eleventh Edition, Enlarged. By Robert Kipping, 
N.A. zamo, y. cloth boards. 

Naval Architecture. 

By Jambs Pbakb. Fifth Edition, with Plates and 
Diagrams, zamo, 4X. doth boards. 

Marine Engines, and Steam Vessels. 

By R. Murray, C.E. New Edit. [In preparation. 

Modern Workshop Practice, 

At applied to Marine Engines^ Floating Docks, 
Dredging Machines, Ship-building, &»c., &*c. By 
J. G. WiNTON. 3*. 6d. doth. 
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ARCHITECTURE, BUILDING, Etc. 

Portland Cement for Users, 

By Henry Faiji, A.-M.Inst.C.E. Second Edition, 
Revised. With Illustrations, u. cloth. 

The Science of Building : 

Ah Elementary Treatise on the Principles if Con- 
structtoH. By E.^ Wyndham Tarn, M A., Archi- 
tect. Second Edition. Crown 8vo, js. 6d, cloth. 

A Handy Boo/< of Villa Architecture : 

A Series of Desipts for Villa Residences, With 
Outline Specifications and Estimates. By C. Wickhs, 
Architect. Thirty Plates. 4to, ;£x xs, half-morocco. 

*«* Also an Enlarged Edition of the above. Sixty- 
one Plates, with Outline Specifications and Estimates. 
4to, ;^2 u. half-morocco. 

The Architect's Guide : 

A Text-Book of Useful Information for Architects^ 
Engineers, Surveyors, Clerks of Ivorks, &*€. By 
Frbdbrick Rogsrs. Crown 8vo, 6s. cloth. 

Architectural Antiquities of Rome 

(The). By the late G L. Taylor, F.S.A., and 
Edward Crbsy. New Edition, Revised by the 
Rev. Alexander Tavlor, M.A. With x^ Plates in 
Plan, Elevation, and Detail. Folio, ^-^ yt. half- bound. 

Hints to Young Architects. 

By George Wightwick. Revised and Enlarged 
by G. HusKissoN Guillaumb. xamo, 4^. cloth bds. 

Lockwood' s Builder's and Contrac- 
tors Price Bjok for 1884. Revised by F. T. W. 
Miller, A.R.I.B.A. Fcap., 4f. half-bound. 

% % 
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14 Works in ArckitecturBt Building, 6v. 

Practical Rules on Drawing, 

for the Operative Builder and Ytmng Student in 
Architecture, By Gbokgb Pynb. Widi Fourteen 
Plates. 4to, 7x. td, boards. 

The House-Owner' e Estimator; 

or. What wiU it cost to Build, Alter, or Repair f 
By the late Jambs D. Simon, A.R.I.B.A. Edited by 
F. T. W. Miller, A.R.I.B.A. New Edition. Crown 
8vo, 3^ . 6d, cloth. 

Boiler and Factory Chimneys : 

Their Draught-Porver and StaAiHty. With a Chap- 
ter on Lightning Conductors. By Robbxt Wilson, 
C.E. Crown 8vo, 3X. 6d. doth. 

A Booh on Building, 

Civiland EcclesiasiiceU : Including Church Restora- 
tion. By Sir Edmund Beckett, Bart., LL.D., &c. 
Revised Edition. i2mo, 5^. doth boards. 

Ancient Architecture. 

Consisting of ** Vitruvius," Translated by J. Gwilt, 
F.S.A., with Twenty-three Plates; and "Grecian 
Architecture," by the Earl of Abbrdbbn. lamo, 
ts. half-bound. 

N.B. TJtis is the only Edition 0/ Vitrvvivs pro- 
curable at a moderate price. 

modern Architecture. 

Consisting of the "Orders of Architecture," by 
W. H. Leeds ; the " Styles of Architecture," by 
T. Talbot Bury ; ** Principles of Design in Archi- 
tecture," by E. L. Garbbtt. With Wood En- 
gravings. x2mo, 6s. half-bound. 

Civil Architecture 

(A Treatise on the Decorative Part of). By Sir 
William Chambers, F.R.S., &c. With Illustra- 
tions, Notes, and an Examination of Grecian Archi- 
tecture, by Joseph Gwilt, Architect, F.S.A. New 
and Cheap Edition, Revised and Edited by W. H. 
Lbeds. Sixty>six Plates. 4to, ax«. cloth. 

» m 
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Joints Made and Used by Builders, 

in the Construction of Engineering and Archi- 
tectural IVorks. By W. J. Christy. With 160 
Illustrations, xamo, 3^. 6d. cloth. 

House Painting, Graining, Marbling, 

and Sign fVriting. With Coloured Plates of Woods 
and Marbles, and 14^ Wood Enjipravings. By Ellis 
A. Davidson. Revised Edition, zamo, 6s. cloth. 

Plumbing : 

A Text- Book to the Practice of the Art or Craft of 
the Plumber. By W. P. Buchan, Sanitary Engineer. 
Fourth Edition, Revised and Enlarged. With above 
330 Illustrations, zamo, 41. cloth. 

The Handbook of Specifications ; 

or^ Practical Guide to the Architect^ Engineer ^ Sur- 
veyor^ and Builder. Illustrated by Precedents of 
Buildings actually executed. By Professor T. L. 
Donaldson. New Edition, 8vo. With upwards of 
z,ooo pp. of Text, and 33 Plates. 31J. td. cloth. 

Specifications 

for Practical Architecture. A Guide to the Architect, 
Engineer, Surveyor, and Builder. By Frbdbrick 
Rogers, Architect. 8vo, zs^. cloth. 

Measuring and Valuing : 

The Studenfs Guide to the Practice of Measuring 
and Valuif^ Artificers? Works. By Edward Dob- 
son. New Edition, re-written, with Additions, by 
£. Wyndham Tarn, M.A. Crown 8vo, 95. cloth. 

Estimator for the Building Trades ; 

An Easy Method of Estimating the various Parts 
of a Building Collectively ^ 6fc. By A. C. Bbaton. 
Waistcoat pocket size, is. 6d. 

Technical Ouide and Measurer 

for Builders and Surveyors. By A. C. Beaton. 
Waistcoat pocket size, is. 6d. 
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CARPENTRY, TIMBER, Etc. 

Tredg old's Carpentry. 

Tht BUmentary Principles of Carpentry. By 
Thomas Trbdgold, C.E. Edited by Peter Bar- 
LOW, F.R.S. Fifth Edition, Corrected and Enlareed. 
With Sixtt-four Plates, and Portrait of the Author. 
4to, published at £^ 2s., reduced to £1 ss» cloth. 

Q randy* 8 Timber Importer. 

The Timber Importer* s. Timber Merchant* s^ and 
Buildet's Standard Guide. By Richard E.Grandy. 
Second Edition, carefully Corrected, xamo, 3X. 6</. 
cloth. 

Timber Freight Booh. 

The Timber Importer's and Shipownet^s Freight 
Book. By William Richardson. Crown 8vo, 
6r. cloth. 

Paohing-Caae Tables: 

Showing the Superficial Feet in Boxes or Packing' 
Cases from Six Inches Square and Upwards. By 
William Richardson. Second Edition, Oblong 
4to, 3X. 6d, cloth. 

The Complete Measurer : 

The Measurement of Boards^ Glass, &*c. Un- 
equal-sided. SquarC'sfdedf Octagonal-sided ^ Round 
Timber and Stone, and Standing Timb' r, &*c. By 
Richard Horton. Fourth Edition, with Additions, 
xamo, 5f. half-bound. 

The Carpenter's Quids ; 

or. Book of Lines for Carpenters, Founded on the 
late Peter Nicholson's standard work. Revised 
by A. Ashpitel, F.S.A. With Practical Rules on 
Drawing, by George Pyne. Seventy-four Plates, 
4to, ;£z IX. cloth. 
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The Timber Merchant's and Builder's 

Companion.. By William Dowsing. Third Edi- 
tion, Revised. Crown 8vo, j/s. cloth. 

The Practioai Timber Merchant: 

A Guide /or Contractors^ Surveyors^ Builders, &*€. 
By W. Richardson. Fcap., 3; . 6d. cloth. 

Woodworliing Machinery : 

Its Jiise, Progress, and Construction. By M. Powis 
Bale, M.I.M.E. 8vo, \%s. td. cloth. 

Saw Mills : 

Their Arrangement and Management, and the 
Economical Conversion of Timber, By M. Powis 
Bale, M.I.M.E. 8vo, 10s. 6d. cloth, [yust published, 

Stone-Worhing Machinery. 

With Notes on the Arrangement of Works and the 
Economical Conversion ot Stone. By M. Powis 
Bale, M.InstM.E. {Nearly ready, 

MECHANICS, Etc. 

The Mechanic's Workshop Companion 

and the Scientific Gentleman^s Practical Assistant. 
By W. Tbmplbton. Z3th Edition. z2mo, sx. bound. 

Engineer's Assistant : 

The Engineer's, Millwrighfs, and Machinists 
Practice Assistant, By W. Tsmplbton. 6th 
Edition, ax. 6d. 

Smith's Tables and Memoranda 

/or Mechanics, Engineers, Architects, Builders, 
&»c. By Francis Smith. Waistcoat-pocket size. 
XX. 6d. limp roan, gilt edges. 

The Boiler-Maker's Ready Reckoner. 

With Examples of Practical Geometry and Tem- 

Slating, for uie use of Platers, Smiths and Riveters. 
y John Courtney. Edited by D. K. Clark, 
M.InstCE. lamo, 9X. half-bound. 
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i8 Works in MuhoHt^, 6fc, 

Superficial Measurement 

Tables calculated from i to aoo Inches in Length, 
by X to zo8 Inches in Breadth. By J. Hawkings. 
Fcap., y. 6d. doth. 

The High-Pressure Steam Engine. 

By Dr. Ernst Alban. Translated from the Ger> 
man by Dr. Pole, F.R.S. 8vo, i6s. 6d. cloth. 

Steam Boiiers : 

Their Strength^ Construction, and Economical 
Working^. By Robbrt Wilson, C.£. zamo, 6f. 

Power in Motion : 

Horse-Power, Wheel Gearingy Dritnng Bands ^ An- 
gular Forces, &'c. By J. Armour, C.E. zamo, 3*. d. 

MATHEMATICS, TABLES, Etc. 

Mathematics for Practical Men : 

Being a Commonplace Book of Pure and Mixed 
Mathematics. Designed chiefly for the use of Civil 
Engineers, Architects, and Surveyors. By Olin- 
THUS Grbgory, LL.D., &c. Enlarged by Hbnry 
Law, C.E. Fourth Editioti, carefully Revised by 
Prof. J. R. Young. Plates, 8vo, £\ is. doth. 

Mathematics and the Constructive 

A rts : A Treatise on Mathematics as applied to the 
Constructive Arts. Especially prepared for the use 
of Practical Mechanics, Students, &c. By Francis 
Campin, C.E. zamo, 3*. 6d doth. 

Tables for the Purchasing of Estates, 

Freehold^ Copyhold^ or Leasehold; Annuities, Ad- 
vowsons, &c., and for Renewingof Leases ; also for 
Valuing Reversionary Estates, Deferred Annuities, 
&c. By William Inwood, Architect, sand Edition, 
zamo, 8f. cloth. 

Practical Geometry, 

for the Architect, Engineer, and Mechanic. By 
E. W. Tarn, M.A., Architect. Second Edition, 
Enlarged. With Z7a Illustrations. Svo, 9^. doth. 

% » 



%- 



-% 



Published by Crosby Lockwood 6* Co. 19 



Mathematical Instruments ; 

Their Construction^ Adjustment^ Testing, and Use. 
By J. F. Hbather, M.A. x2mo, 5^ . cloth. 

Compound Interest and Annuities, 

Theory of. With Tables of Logarithms, by Fbdor 
Thoman. xamo, 4^. 6d. cloth. 

Iron and Metal Trades Companion : 

Tables for expeditiously Ascertaining the Value of 
any Goods Bought or Sold by IVeight, from xx. per 
cwt. to XX31. per cwt., and from }{d. per lb. to \s, 

e:r lb. Each Table extends from x lb. to xoo tons. 
y T. DowNiB. 396 pp., 9^. leather. 

Iron and Steel : 

A Worh for the Forge^ Foundry ^ Factory, and 
Ojfice. By Charles Hoars. Eighth Edition, Re> 
vised and Enlarged. Oblong samo, 6s. leather. 

The Weight Calculator : 

Tables exhibiting at One Reference the exact Value 
of any Weight, from x lb. to 15 tons, at 300 Progres- 
sive Rates, from id. to x68f. per cwt. ; and contain- 
ing x86,ooo direct Answers, which, with their com- 
binations, consisting of a Single Addition, will afford 
an aggregate of io,a66,ooo Answers. By Hbnry 
Harbbn, Accountant. Roy. 8vo, £z ss. half-bound. 

The Discount Quids : 

Tables for the use of Merchants^ Manufacturers, 
Ironmongers, and others, showing the exact Profit 
arising from any mode of using Discounts, either in 
the purchase or ^e of goods, &c. ; to which are added 
Tables of Profit or Advance from i]^ to 90 per cent, 
Tables of Discount from iK to 98^ per cent, and 
Tables of Commission, &c, from § to 10 per cent. 
By Hbnry Harbbn. 8yo, £x ss. half-bound. 

Metric Tables, 

By C. H. DowLiNG, C.E. Second Edition, Revised 
8vo, xos. 6d. cloth. 
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Modem Metrology : 

A Manual of the Metrical UmU and Systems •/ 
the Present Centwy. With an .^ipeDdix coatainiiig 
a Proposed English System. By Lowis D'A. Jack- 
son, Author of "Aid to Sarvey Practioe," '* Hy- 
draulic Manual," &c. \ax^t orovn 8vo^ 12s. CeL 
cloth. 

Measures, Weights, and Moneys 

of all Nations, and an Analysis of the Christian, 
Hebrew, and Mahometan Calendars. Entirely New 
Edition, revised and enlaigcd. By W. S. B. Wool- 
house, F.R.AS. zzmo, ax. 6d. cioUi boards. 

Mathematical Tables, 

for Trigonometrical^ Astronomical^ and Nautical 
Calculations ; to which is prefixed a Treatise on 
Logarithms, by Henky Law, C.E. T<^ether with 
a Series of Tables for Navigation and Nautical 
. Astronomy, by J. R. Young, formerly Professor 
of Mathematics in Belfast College. New Edition, 
zamo, 4s. cloth boards. 

The Slide Rule, 

and How to Use it. Containing Full, Easy, and 
Simple Iqstructions to Perform aU Business Calcula- 
tions with Unexampled Rapidity and Accuracy. By 
Chas. Hoarb, C.£. With a Slide Rule in tuck of 
cover. z2mo, 3^. cloth. 

In tuitiue Calculations ; 

ort Easy and Compendious Methods of Performing 
the various Arithmetical Operations required in 
Commercial and Business Transactions. By Daniel 
O'UORMAN. Twenty-fifth Edition, by Professor 
J. R. Young. i2mo, 31. dd. cloth boards. 

Mensuration and Measuring, 

for Students and Practical Use. With the Mensu- 
ration and Levelling of Land for the Purposes of 
Modem Engineering. By T. Baker, C.E. New 
Edition, by £. Nugent. C.E. z2mo, xs. 6d, cloth. 



-% 



^ 



M 



Published by Crosby Lockwood &• Co, ai 



SCIENCE AND ART. 

Practical Organ-Building. 

By W. £. Dickson, M.A., Precentor of El 
Cathedral. Second Edition, Revised and Enlarge 
With numerous Illustrations, zamo, 3^. doth. 

Mechanical Dentistry : 

A PracticcU Treatise on the Construction of tht 
various kinds of Artificial Dentures^ &*c. By 
Charles Hunter. Second Edition, Revised. 
7^. 6d, cloth. 

A Handbook for Young Brewers, 

By H. E. Wright, B.A. Crown 8vo, 3;. 6d, cloth. 

The Qoldsmith's Handbook. 

Containing^ full Instrttctions for the Alloyifu' and 

Second 



By George E. Gee. 
x2mo, 3^. 6d. cloth. 

The Silversmith's Handbook. 



Working of GoU. 
Edition, Enlarged. 



Containing full Instructions for the Alloying and 
Working of Silver. 



and Silversmith. 



By George E. Gee, Goldsmith 
xamo, y. 6d. cloth. 



Hall-Marking of Jewellery. 

The Hall^Marking ofJeweUery Practically Con- 

i. Cr. 8vo, y.6a.t 



sidered. By Georgb E. Gbb. 



cloth. 
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Electro-Metallurgy Practically 

Treated. By Albx. Watt. Eighth Edition, En- 
larged. Including the most recent Processes, xamo, 
3r. 6d, cloth. 

Electro-plating : 

A Practical Handbook. By J.W.Urquhart.CE. 
Crown 8vo, 5«. cloth. 

Electro-typing : 

A Practical Manual on *he Reproduction and Mul- 
tiplication of Printing Surfaces and Works of Art 
by the Electro-deposition of Metals. By J. W. 
Urquhart, C.E. Crown 8vo, 5*. cloth. 
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Electric Light : 

Its Pntdmctimm mmd Ui 



By J-W.UwjCHATT, CE. 

Edited by F. C Wkbb, M.LC.E. Secowl Editkn. 
Gnma 8«a, is. 6d. doth. 

The Action of Ughtning, 

mmd the Meams tf D^emdimg Lift mmd Pnferty 
frmm its Efftcts. By Maior A. Paknkll, R.S. 
i2ao, TS. 6d, doth. 

Colours and Dye-Wares : 

Tlieir Prvperties^ App i i c a iu m s ^ Vmlmmtient, Ims- 

fmriHes, mmd St^kisticatwms. By J. W. Slates. 

Second Edition, Eabused. Crown Bvo, js, 6d. dodt. 

The Alkali Trade 

{A Mamual of). Indndiag llie Maniifi i ciur e of Sol* 
^uric Add,Siilpliate of Soda, and Bleaching Powder. 
By John Lomas. Widi 233 Illustrations and Work- 
ing Drawings* and containing 386 pages of Text. 
Siqier-royal 8vo, £^ 12s. 6d. doth. 

Chemical Analysis 

{The Commercial Hamdbook of); or, Piactical In- 
structions for the Determination of the Intrinsic mr 
Commercial Value of Substances used in Manufac- 
tmes, in Trades, and in the Arts. By A. Normandt. 
New Edition, Enlarged. By Henry M. Noad, 
Ph.D., F.R.S. Crown 8vo, vu. 6d. doth. 

The Art of Soap-Making : 

A Practical Handbook of the Manufacture of Hard 
and Soft Soaps^ Toilet Soaps^ &»c. By Alsx. 
Watt. With Illustrations. Crown 8vo, 9^. doth. 

lyustpuSUiMed. 

The Blowpipe in Chemistry, Miner- 

alogXt <'^ Geology. By Lieut.-Col. W. A. Ross, 
R.A. (Retired), F.G.S. [Nearly ready. 

A Treatise on Field Fortification : 

The Attack of Fortresus, Military Mininf^, and 
Reconnoitring-. ByColonel J. S.Macaulay. Crown 
8vo, with Atlas of Plates, zaf . 
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The Museum of Science and Art. 

Edited by Dionysius Lardner, D.C.L., formerly 
Professor of Natural Philosophy and Astronomy in 
University College, London. With upwards of 
z,aoo Engravings on Wood. In 6 double Volumes. 
Price £1 ts, cloth ; or handsomely bound in half- 
morocco, £i lis. 6d, 

*,* The folloimng separate hooks ^ formed from the 
abcve^ are suitable for Workmen's Libraries^ Science 
Classes^ &*c. 

Common Things Explained. 

Containing Air, Earth, Fire, Water, Time, Man, 
the Eye, Locomotion, Colour, Clocks and Watches, 
&c Cloth gilt, 5X. 

The Microscope. 

Containing Optical Images, Ma^ifying Glasses, 
Origin and Description of the Microscope, Micro- 
scopic Objects, the Solar Microscope, Microscopic 
Drawing and Engraving, &c. Cloth gilt, ax. 

Popular Geology. 

Containing Earthquakes and Volcanoes, the Crust 
of the Earth, &c. Cloth gilt, a«. 6d, 

Popular Physics. 

Containing Ma^tude and Minuteness, the Atmo- 
sphere, Meteoric Stones, Popular Fallacies, Weather 
Prognostics, the Thermometer, the Barometer, 
Sound, &c. Cloth gilt, ax. 6d. 

Steam and its Uses. 

Including the Steam Engine, the Locomotive, and 
Steam Navigation. Cloth gilt, ar. 

Popular Astronomy. 

Containing How to Observe the Heavens. ^ The 
Earth, Sun, Moon, Planets, Light, Comets, Eclipses, 
Astronomical Influences, &c. 41. 6d. 
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34 IVcrJks in Science and Art, 6*r. 

The Bee and White Ante : 

Their Matmers and Habiis, With IDastiatioiis of 
Aninal Instinct and Intelligence. Qoth gilt, as; 

The Electric Telegraph Popularised, 

To render Intelli^ble to all who can Read, irre^>ec- 
tive of any previous Scientific Acquirements, the 
▼arious forms of Telegraphy in Actual Operation. 
Qoth gilt, 1*. biL 

DR. LARDNER'S HANDBOOKS OF 
NATURAL PHILOSOPHY. 

•»• The /olUrujing five volumes^ though each is 
Complete in itself, and to be purchased separately tfimtt 
A CoMPLSTE Course of Natural Philosophy, o^m/ 
are intended for the general reader ntho desires to 
attain accurate knowied^eo/ the various departments 
0/ Physical Science ^ without pursuing them according 
to the more profound methods of mathematical iw 
vestigation. The style is studiously Popular, It has 
been the author* s aim to supply Manuals such as are 
required by the Student ^ the Engineer, the Artisan^ 
and the superior classes in Schools. 

The Handbook of Mechanics, 

Enlarged and almost rewritten by Benjamin Lobwy, 
F.R.A.S. Post 8vo, 6s. cloth. 

The Handbook of Hydrostatics 

and Pneufnatics. New Edition, Revised and En- 
larged by Benjamin Loewy, F.R.A.S. 8vo, 5*. cloth. 

The Handbook of Heat, 

Edited and almost entirely rewritten by Benjamin 
Loewy, F.R.A.S., &c. Post 8vo, 6s. cloth. 

The Handbook of Optics, 

New Edition. Edited by T. Olvbr Harding, B. A. 
Post Bvo, 5/. cloth. 

The Handbook of Electricity, 

Magnetism, and Acoustics. New Edition. Edited 
by Geo. Carey Foster, B.A., F.C.S. Post Bvo, 5s, 
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The Handbook of Astronomy. 

Forming a Companion to the " Handbooks of Natu- 
ral Philosophy.'^ By Dionysius Lardnbr, D.CL. 
Fourth Edition, Revised and Edited by Edwin 
DuNiciN, F.R.S., Royal Observatory, Greenwich. 
Crown 8vo, 550 pages, gs. 6d, cloth. 

The Handbook of Animal Physics, 

By Dr. Lardner. New Edition. Small 8vo, 73a 
pp., js. 6d. cloth. 

Natural Philosophy for Schools. 

By Dr. Lardner. Sixth Edition, jf. 6d. doth. 

Animal Physiology for Schools. 

By Dr. Lardner. Second Edition, 3«. 6d, cloth. 

The Electric Telegraph. 

By Dr. Lardner. New Edition, Revised and 
rewritten, by E. B. Bright, F.R.A.S. Small 8vo, 
M. 6d. cloth. 



A Manual of Electricity : 

/ftciuding- Ga/voMt'sm, Magnett'sm, Dtamagnettsm, 
Electro- Dynamics ^ Magneto- Electricity^ and the 
Electric Telegraph. By Henry M. Noad, Ph.D., 
F.C.S. Fourth Edition, Bvo, £1 4^. cloth. 



TheStudent's Text-Booh of Electricity. 

By Henry M Noad, Ph.D.. F.R.S., F.C.S. New 
Edition, carefully revised. With an Introduction and 
Additional Chapters by W. H. Preece. M Inst.C E., 
President of the Society of Telegraph Engineers, 
&c. Crovm Svo, zaj. 6d. cloth. 

A Manual of the Mollusca: 

Beinjr a Treatise on Recent and Fossil Shells. By 
Dr. S. P Woodward, A L.S. With Appendix bv 
Ralph Tate, A.L.S., F.G.S. Plates and 300 Wood- 
cuts. Fourth Edition. Crown Bvo, js. 6</l cloth. 
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AGRICULTURE, GARDENING, Etc. 

The Complete Grazier, 

and Farfiur*s and Cattle Breedet't Asnsiant. A 
Compendium of Husbandry. By Wiljjam Youatt, 
Esq., V.S. Twelfth Edition, Enlazged, and brought 
up to the present date, by R. Scott Burn. 8vo, 
860 pp., with 344 Illustrations, £1 is. half-botmd. 

Sheep : 

The History t Structure, Ecouou^, and Diseases of. 
By W. C. Spoonbr, M.R.V.C., &c. Fourth Edition, 
with Engravings, including specimens of New and 
Improved Breeds. 366 pp., 41. cloth boards. 

Meat Production : 

A Manual for Producers, Distributors, and Con- 
sumers of Butcher^ Meat. Being a Treatise on 
means of increasing its Home Production. By John 
EwART. Crown Bvo, ss. cloth. 

Suburban Farming : 

The Laying-out and Cultivation of Farms atla^ted 
to the Produce of Milk, Butter, and Cheese, J^ggs, 
Poultry, and Pigs. By the late Prof. John Donald- 
son. With Additions by R. Scott Burn, zamo, 
4r. cloth boards. 

A Text-Booli of Agrioulture : 

( The Fields of Great Britain), adapted to the Sylla- 
bus of the Science and Art Department. For Elemen- 
tary and Advanced Students. By Hugh Clbmbnts 
(Board of Trade). With an Introduction by H. 
ICains Jackson. z8mo, v. 6d. doth. 

Outlines of Modern Farming, 

By R. Scott Burn. Comprising Soils, Manures, and 
Crops ; Farming, and Farming Economy ; Cattle, 
Sheep, and Horses ; Management of the Dairy, 
Pigs, and Poultry ; Utilisation of Town Sewage, 
Irrigation, &c. Sixth Edition. In x vol., 1,950 pp., 
profusely Illustrated, 12s. half-bound. 
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Landed Estates Management : 

The Varieties 0/ LandSy Methods of Farmings 
Farm Buildings, Irrigation^ Drainage, &h:. By 



R. Scott Burn. 
boards. 



Second Edition. x2mo, 3;. clot 



Outlines of Farm Management, 

and the Organisation of Farm Labour, By R. 
Scott Burn, xamo, y. cloth boards. 

Landed Estates & Farm Management 

By R. Scott Burn. Consisting of the above 
Two Works in x vol. 6s. half-bound. 

The Land Valuer's Best Assistant: 

Being Tables, on a very much Improved Plan, for 
calculating the Value of Estates. By R. Hudson, 
C.£. New Edition. Royal 32010, 41. leather. 

The Land Improver's Pocket-Booh 

of Formula, ^ Tables, and Memoranda, reauired in 
any computation relating to the Permanent Improve- 
ment of Landed Property. By John Ewart. 
Roysd 3amo, 4^. leather. 

Land Valuer's Complete Poohet-Book, 

The Land Valuer's and Land Improver's Complete 
Pocket- Book ; consistmg of the above Two Books 
bound together, with strap, js. 6d. leather. 

Grafting and Budding 

[The Art of). By Charles Baltbt. Translated 
from the french. With upwards of x8o Illustrations, 
ismo, 3^. cloth boards. 

Fruit Trees : 

( The Scientific and Profitable Culture of). From the 
French of Du Brbuil. Revised by George Glbnny. 
xamo, 4*. cloth boards. 



^- 



-» 



m » 

30 Works in Agriculture, Gardening, 6*r. 

Qood Garden ing; 

or. How to Grow Vegetables, Fruits, and Flowers. 
By S. Wood. Third Edition. Crown 8vo, 5^. 
cloth. 

Multum-in-Parvo Oardening ; 

Or, How to make One Acre of Land produce £fi2Xi a 
year, by the Cultivation of Fruits and Vegetables. 
Also, How to^ Grow Flowers in Three Glass Houses 
so as to realise ;Cz76 P^'' annum clear profit. By 
Samuel Wood. Third Edition, Revised. Crown 
8yo, ar. cloth. 

Ladies' MultuminParuo Flower Garden 

and Amateurs' Complete Guide. By Samurl 
Wood, Author of " Good Gardening, &c." With 
numerous Illustrations. Crown 8vo, 3f. 6^. cloth. 

The Bulb Garden : 

A Manual adapted Jbr both the Professional and 
Amateur Gardener. By Samuel Wood. With 
Coloured Illustrations and Wood Engravings. Crown 
Bvo, 3«. td. cloth. 

Tree Planter and Plant Propagator. 

By S. Wood. z2mo, 9s. 6d. cloth hoards. 

The Tree Pruner : 

A Practical Manual on the Pruning 0/ Fruit Trees. 
Also treating of the Pruning of Shrubs, Climbers, 
and Flowering Plants. By S. Wood, xamo, ar. 6d. 
cloth boards. 

Tree Planter, Propagator, & Pruner. 

By S. Wood. Consisting of the above Two Works 
in z vol. 5X. half-bound. 

The Forcing Garden; 

or. How to Grow Early Fruits, Flowers, etnd 
Vegetables. With Plans and Estimates for Building 
Glasshouses, Pits, and Frames. By Samuel Wood. 
Crown 8Vo, 3^. 6d. cloth. 
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Kitchen Gardening made Easy. 

Showit^ how to Lay out theGroundy the best Means 
of Cultivating every knoivn Vegetable and Herb, &*c. 
By George M. F. Glenn y. ismo, 2«. cloth boards. 

Ttie Kitchen and Marhet Garden. 

By Contributors to "The Garden." Compiled by 
C. W. Shaw, Editor of "Gardenbg Illustrated." 
X2mo, 3 J. 6d. cloth. 

Potatoes : 

How to Grow and Show Them. A Practical Guide 
to the Cultivation and general Treatment of the 
Potato. By James Pink. Crown 8vo, a; . cloth. 

The Appraiser, Auctioneer, Broker, 

House and Estate Agents and Valuet^s Pocket 
Assistant. By John Wheeler, Valuer, &c. Fourth 
Edition, by C. Morris. Royal samo, 5^. 

Auctioneers : 

Their Duties and LiaMUties. By Robert Squibbs, 
Auctioneer. 8vo, zof. (>d. cloth. 

Handbooii of House Property : 

A Popular and Practical Guide to the Purchase^ 
Mortgage t Tenancy ^ and Compulsory Sale of Houses 
and Land; including the Law of Dilapidations and 
Fixtures, &c. By E. L.Tarbuck. xamo, 3;. 6^. doth. 

Hints for Investors : 

Bein^ an Explanation of the Mode of Transacting 
Business on the Stock Exchange. By W. M. Play- 
ford, Sworn Broker. Crown 8vo, u. cloth. 

Metropolitan Rating : 

A Summary of the Appeals heard before the Court 
of General Assessment Sessions at IVestminster, in 
the years 1871-80 inclusive. Containing a large 
mass of very valuable information wit^ respect to 
the rating of Railways, Gas and Water Works, 
Tramways, Wharves, Public Houses &c., &c. By 
Edward and A. L. Ryde. 8vo, xar. td. cloth. 
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Euery Man's Own Lawyer: 

A Hemdy Book cf the Principles of Law and Equity. 
By A Burister. New Edition, Revised to the End of 
Last Session. With Notes and References to the 
Authorities. Crown 8vo, cloth, price 6f . &/. (saved 
at every consultation). 

Comprising the Rights and Wrongs of Individuals — 
Mercantile and Commercial Law— Criminal Law — 
Pariah Law— County Court Law — Game and Fishery 
Laws — Poor Men's Law — the Laws of Bankruptcy — 
Bills of Exchange — Contracts and Agreements — Copy- 
right — ^Dower and Divorce — Elections and Registration 
— Insurance — Libel and Slander— Mortgages — Settle- 
ments — Stock Exchange Practice — Trade Marks and 
Patents — ^Trespass, Nuisances, &c. — Transfer of Land, 
&c. — Warranty — Wills and Agreements, &c. 

Also Law for Landlord and Tenant— Master and 
Servant — Workmen and Apprentices —Heirs, Devisees, 
and Legatees — Husband and Wife — Executors and 
Trustees — Guardian and Ward — Married Women and 
Infants — Partners and Agents — Lender and Borrower 
— Debtor and Creditor — Purchaser and Vendor — Com- 
panies and Associations — Friendly Societies — Clergy- 
men, Churchwaurdens — Medical Pracdtioners, &c. — 
Bankers — Farmers — Contractors— Stock and Share 
Brokers— Sportsmen and Gamekeepers — Farriers and 
Horse-Dealers — Auctioneers, House-Agents — Inn- 
keepers, &c. — Pawnbrokers — Surveyors — ^Railways and 
Carriers, &c., &c. 

" No Englishman ought to be without this book." — 
Engineer, 

'What it professes to be — a complete epitome of 
the laws of this country, thoroughly intelligible to non- 
professional readers. The book is a handy one to have 
m readiness when some knotty point requires ready 
wohxuon:*—Beirs Life. 

** A concise, cheap, and complete epitome of the 
English law, so plainly written that he who runs may 
read, and he who reads may understand." — Figaro. 

"A useful and concise epitome of the law." — Law 
Magazine, 
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